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EXPERIMENTAL DETERMINATION OF STRESSES AT UNSTIFFENED 
@ TUBULAR T AND X JOINTS 


By A. C. WORDSWORTH 


SUMMARY 


A description of a cheap experimental method for de- 
termining hot spot stress concentrations at tubular joints. 
Results are given for ranges of T and X type joints. 


I INTRODUCTION 


1.1 The endurance of a welded connection can be calcu- 
lated by determining the maximum or hot spot stress 
range adjacent to the weld and relating it to the appro- 
priate S-N fatigue curve. [1] [2] 

While this procedure may be relatively simple for 
many types of joints, in the case of a tubular connec- 
tion matters are complicated by the complex stress 
distribution which occurs in the vicinity of the joint. 
Here, stresses adjacent to the weld may be much 
higher than the nominal stress in the brace. The ratio 

® of these stresses is referred to as the stress concentra- 
tion factor. 

This paper describes an experimental method by 
which these stress concentration factors may be ob- 
tained. In essence the method consists of manufactur- 
ing scale models of the joints from commercially avail- 
able acrylic tubing, applying the relevant loading con- 
ditions and measuring the resulting strains with brittle 
lacquer and resistance strain gauges. Stress concentra- 
tions measured on the models are directly applicable to 
geometrically similar full scale structures. 

The basic technique of utilising scale models to 
determine stress distributions has been thoroughly 
developed at the Society’s Research Laboratory over 
the years and has been successfully applied to pressure 
vessels, engine components and ship structures. 


i) 


PROPERTIES OF ACRYLIC AND SPECIMEN 
CONSTRUCTION 


Transparent acrylic tubing is commercially available in 
a range of sizes from 25 mm to 300 mm diameter and 
S with wall thicknesses from 3 mm to 9.5 mm. 

The acrylic material creeps under load but the rate 
of creep diminishes rapidly with time. This character- 
istic has been investigated thoroughly and it has been 
established that, providing all measurements are made 
at a given time after application of the load, stress 
concentration factors established on an acrylic model 
do not differ significantly from those measured on 
steel structures. 


i) 
— 


2.2 Acrylic has several attributes which make it eminently 
suitable for the construction of structural models. 

The moderately low Young’s modulus of 3340 
MPa, means that only small loads are necessary to 
produce measurable strains. Test rigs for applying and 
reacting the loads can therefore be both cheap and 
light, and the loads themselves can be applied either 
by dead weight (4 kgf typical) or by screw jack (50 
kgf typical). On the other hand, the modulus is not 
so low that the reinforcing effect of the strain gauges 
has any significant effect on the measurements. 
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2.4 


The material is easily cut and machined and com- 
ponent parts may be glued together to produce mono- 
lithic specimens. 


When a particular design of tubular joint is to be 
investigated, an acrylic test specimen is made at a 
model scale chosen to be compatible with the standard 
tube sizes available. 

The large range of diameters of the acrylic tubes 
allows a very close approximation to the chosen scale 
model tube diameters to be achieved. The more limited 
range of standard thicknesses available sometimes 
makes it necessary to machine the outer diameter of 
a tube to achieve the required wall thickness. This is 
done by fitting wooden bungs in either end of the 
tube and then turning it ‘between centres’. 

The joint ends of the individual tubes are made by 
fretsawing them to roughly the required profiles and 
then machining them on a universal mill using a single 
point cutter set at the relevant radius. In this way the 
the required curves of intersection are automatically 
produced to give accurate joints. 


If internal or external stiffening rings or webs are to 
be included in the design they are made from acrylic 
sheet. Acrylic sheet is also used to form tubes with 
very large diameter to thickness ratios which are not 
commercially available, i.e. ratios of 100 or greater 


The lengths of the tubes are made such that their free 
ends are at least three diameters from the joints so 
that the influence of the end fittings is insignificant. 


The tubes are assembled by gluing them together 
with Tensol No. 7 cement, a two part adhesive which 
is ejected from a syringe on to the butt ends of the 
tubes prior to bringing the two surfaces together. A 
certain amount of skill is required here since it is 
necessary to use sufficient glue to avoid air bubbles in 
the joint without using too much so that significant 
glue fillets are produced. Usually no attempt is made 
to represent the weld fillets. There is slight tendency 
for the acrylic to craze locally unless the vapour from 
the glue is removed from the specimens by playing 
a gentle jet of air around the joints for about ten 
minutes and by preventing stagnant pockets of vapour 
from collecting inside the tubes. 


TEST RIGS 


At the Society’s laboratory the facilities for testing 
plastic models consist basically of a 4m X 5 m strong 
floor with an array of tapped holes in it and a selec- 
tion of steel channels with pick up holes drilled at 
uniform pitches. Using such simple construction equip- 
ment a range of space frame rigs can be easily built 
up to accommodate the majority of test specimens and 
their loading arrangements. For most tests it is import- 
ant to be able to define the conditions of support for 
the specimens, either absolutely rigid or free end con- 
ditions being the usual requirements. While neither of 
these absolute conditions can ever be completely 
achieved, the high stiffness of the steel test rig relative 
to the stiffness of the acrylic specimen allows the 
absolutely rigid condition to be closely approached. 


Fic. 1 
A tubular K-T joint in its test rig. (By permission of the UK Offshore Steels Research Project.) 


An acceptable approximation of the absolutely free 
support condition usually presents few problems. 

The test frame provides the anchorages for support- 
ing the loading equipment, loads themselves being 
applied via links, strings, pivoted beams and pulleys as 
required. A typical test set up is shown in Fig. 1. 


STRAIN MEASUREMENTS 


The primary object of most investigations is to deter- 
mine the maximum or hot spot stresses, and these 
can be accurately measured by resistance strain gauges. 
Before this can be done the location of the hot spots 
must be found so that the gauges can be fitted at the 
correct positions. 

In addition to the above object it is sometimes use- 
ful for a designer to know the general strain distribu- 
tion in qualitative terms so that an informed estimate 
of the effects of modifications to the design, etc. can 
be made. 

Stresscoat brittle lacquer is used to indicate both the 
hot spot position and the overall strain distribution. 
The lacquer is sprayed onto the specimen and allowed 
to dry. When load is then applied, the lacquer cracks 
at a given strain and the spread of the cracks with 
increasing load thus gives a vivid picture of the overall 
strain distribution. Strain contours can be plotted by 
marking the extent of the cracks at various load incre- 
ments with a chinagraph pencil while stress trajectories 
can be obtained by drawing lines normal to the cracks. 
Resistance strain gauges are glued to the specimens at 
the hot spots and at other points where quantitative 
results are required. Where there is a significant strain 
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gradient a number of 1 mm gauge length gauges are 
used so that the measurements can be extrapolated 
into the joint corners. Where strain gradients are both 
very high and non-linear, strings of ten gauges with 
gauge lengths of 0.6 mm and elements at 1 mm pitch 
may be used. 

Cyanoacrylate adhesive is used for gluing the 
gauges in place. Strain gauge terminal pads are not 
attached to the specimens since, due to their relatively 
high stiffness, they would locally reinforce the acrylic 
and influence the strains therein. 


TEST PROCEDURE 


As remarked earlier, the loads are applied either by a 
screw jack, which is monitored by a ring gauge dyna- 
mometer, or by dead weights. Calibration strain gauges 
are fitted to the tubular members at positions remote 
from the joints where the strain distribution is un- 
disturbed and can be calculated using basic theory. 
The nominal strains measured by these gauges are com- 
pared with the calculated strains to verify the effective 
Young’s modulus of the acrylic. 


The brittle lacquer tests are usually done first. The 
Stresscoat lacquer is applied as prescribed by the 
manufacturers except that, mm order to avoid crazing 
of the acrylic, no aluminium undercoat is applied. 


The strain gauges are connected to a 100 channel data 
logger which applies a peak gauge current of 5 mA to 
each gauge, energisation being for only 20 ms. The low 
gauge currents and short energisation times prevent 
any significant temperature rises, with their associated 
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6.1 


errors. Load is applied in two or three increments with 
intervals of one minute being allowed between the 
application of each increment and the recording of the 
strains. Measurements are made under both increasing 
and decreasing loads to demonstrate elastic behaviour. 


PARAMETRIC INVESTIGATION 
OF T AND X JOINTS 

Using the technique described, a parametric investiga- 
tion of the stress concentrations at unperforated 
tubular T joints was done. The following character- 
istics describe the joints: 
= chord length 
chord diameter 
= brace diameter 
= chord thickness 
= brace thickness 
ce = chord length/chord outer radius 
brace O.D./chord O.D. 
y = chord outer radius/ chord thickness 
7+ = brace thickness/ chord thickness 


K = stress concentration factor = maximum stress 
~ measured at the hot spot/maximum nominal 
stress in the brace 
Ke = chord stress concentration factor 
Kb = brace stress concentration factor 


Axial load 


Outer surface SS 


Inner surface 
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G Cross section 


ane chord 


Developed brace 


_— Strain trajectory 
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6.2 


For each joint the chord or cross member of the T 
was simply supported at either end. Three loading 
cases were applied to the free end of the brace or 
vertical leg of the T: (i) axial load, (ii) transverse 
bending moment and (iii) longitudinal bending moment 
in the common plane of the brace and chord centre- 
lines. 


Typical strain distributions for a maximum nominal 
strain in the brace of unity are shown in Fig. 2. On the 
transverse cross sections of the joints the strains in the 
plane of the sections are shown plotted normal to the 
surfaces. They were obtained from the strain gauges 
while the strain contours shown on the developments of 
the brace and chord were obtained from the brittle 
lacquer. The strains were converted to maximum stress 
concentrations at the junctions between the braces and 
chords and these are shown in Figs. 3, 4 and 5. Unless 
stated otherwise these maximum or hot spot stresses 
occurred on the chords. 


6.3 On completion of the T joint tests additional braces 


Strain scale 


= 


= 0,5 


were glued to some of the chords to form X joints. 
These were tested in a similar manner to the T joints 
except that the chord ends were free and the load 
applied to one brace was reacted by the second brace, 
the latter’s free end being bolted to the test frame. 


Transverse B.M. 


Longitudinal B.M. 


— 


y¥=12 T=1,0 


STRAIN DISTRIBUTION ON A TYPICAL T JOINT 


Fig. 2 


6.4 A limited number of tests were also done to investigate 


7.2 


the effect of weld fillets. Fillets with straight flanks 
were made from acrylic and glued to two of the 
specimens. These were then tested under axial load 
and transverse B.M. 


DISCUSSION OF THE RESULTS 


The strain distributions shown in Fig. 2 are generally 
typical of all the T joints tested. The exception occurs 
when £ is greater than about 0.85. In this instance, for 
the axial load and transverse B.M. cases, the hot spot 
moves around the brace away from the transverse 
centreline of the joint. For the transverse B.M. case 
this movement may be about 20° around the brace 
while for the axial load case it can be as much as 90° 
if, as may well be the case, the longitudinal bending 
stresses due to overall chord bending predominate. 


Noteworthy features of the strain distributions shown 
on the cross sections are the way in which the curves 
for inner and outer surfaces run parallel to each other 
and the near linear strain distribution on the outer 
surface of the chord for a considerable distance from 
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Transverse B.M. 


Longitudinal B.M. 


Fig3 


T JOINT STRESS CONCENTRATIONS 


the brace junction. On most of the joints tested this 
latter characteristic was more marked than is shown in 
Fig. 2. 


7.3 The strain distribution under longitudinal B.M. is re- 


markable in that, although the strain gradient is very 
steep on the longitudinal centreline, the extrapolated 
stress at the junction here is little, if any, higher than 
at a position about 25° around the brace. 


7.4 The stress concentrations arise primarily due to distor- 


tion of the chord cross section with its associated 
chord wall bending. To a large extent this distortion 
depends on the total load landing on the chord. It is 
therefore to be expected that when either 8 or 7 = 0 
the stress concentration on the chord will equal zero 
while the brace concentration = 1. Figs. 3 and 4 indi- 
cate that this is approximately the case. The exception 
to this appears to be the longitudinal B.M. case shown 
in Fig. 3 where there is no clear indication that K = 1 
when B = 0. 


7.5 Fig. 4 shows that K is almost directly proportional to 


z and that when; is less than about 0.4 the maximum 
stress occurs on the brace side of the joint. 


7.6 The effect of the length of the chord was studied on a 


single joint whose chord length was progressively re- 
duced. Fig. 5 shows that, within the limits investigated, 
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Fig. 4 
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the chord length has no significant effect for the axial 
loading case. Clearly this ceases to be true when 
the chord is so long that its longitudinal bending stres- 
ses predominate. 

Fig. 5 also shows that, at least when y < 
varies almost linearly with y . 


mel 


On the X joints tested Fig. 6 shows that for the axial 
loading case the stress concentrations are higher than 
for the T joints, while for transverse bending they were 
marginally lower. There was no significant difference 
between the two types of joint for the longitudinal 
B.M. case. 


For a tensile loading on the brace it has been reported 
that its diametrical contraction will be locally restrain- 
ed by the chord and this will produce an additional 
local bending stress in the brace wall [3]. 

For complete representation of the behaviour of a 
steel joint the Poisson’s ratio of the acrylic should 
therefore be the same as for steel. In fact, the relevant 
values are 0.36 and 0.30. The higher value for the 
acrylic joints would be expected to result in slightly 
higher stress concentrations than in steel joints. 

To determine whether this effect was significant, 
tests were done on two geometrically similar T joints, 
one in steel and one in acrylic, which had the follow- 
ing parameters: 


y = 12, B=05,7=1 
The brace and chord stress concentrations measured 
were 11.3 and 14.7 in the steel specimen and 10.7 and 


K v Chord length/chord rad. 
' Axial load 
K @=05 y1=24 T=1,0 
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Fig. 5 
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12.6 in the acrylic specimen, the apparent trend being 
the reverse of what was expected. It is considered that 
this is primarily due to small, unavoidable, welding 
distortions in the steel specimen and that the actual 
discrepancy due to Poisson’s ratio is, in fact, small. 


A shortcoming of the test specimens was that they did 
not include fillets representative of the weld fillets 
which would occur on steel joints. The introduction of 
a fillet would modify the stress distribution by reliev- 
ing the peak stress at the junction between the outer 
surfaces of the chord and brace cylinders (point J on 
Fig. 7), and by increasing the stress at its toe (point 
W). This latter will be the critical stress since it is from 
the toe that fatigue failures of welds usually start. It 
is argued that, on the one hand, the stress at point W 
on a filleted joint must be higher than at an identical 
point on a non-filleted joint since a ‘hard spot’ has 
been introduced by the presence of the fillet. On the 
other hand, this ‘hard spot’ is not so severe as the 
‘hard spot’ at point J on an unfilleted joint. It is there- 
fore proposed that the stress at a point between W and 
J (arbitrarily chosen as half way between them) on the 
unfilleted joint be taken as the toe stress on the cor- 
responding filleted joint. Fig. 7 shows the strains 
measured on a specimen both before and after a fillet 
had been fitted, and it, and other similar tests with 
fillet leg lengths of up to 2 t, showed that the above 
proposal was valid for straight flanked fillets. 


Axial load 


X joint K, 


T joint K. 


T joint Ky 


i 


Transverse B.M. 


T joint K, 


X joint K, 


y= 24 T=1,0 


COMPARISON OF STRESS CONCENTRATIONS FOR 
T AND X TYPE JOINTS 


Fig. 6 


Strain distribution 
with a fillet 


Strain distribution 
with no fillet 


EFFECT OF A FILLET 


Fig. 7 


On this basis, if a fillet with a leg length = t is fitted 
the toe stresses are typically about 15% lower than 
those given herein, which were measured on unfilleted 
joints at point J. 


7.10 It is intended that the measured concentrations should 
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be applied to S-N fatigue curves obtained from welded 
specimens. On these S-N curves the effects of typical 
macroscopic and microscopic local notch stress con- 
centrations due to weld profile, slag inclusions, etc. are 
automatically included. To achieve compatability be- 
tween these curves and the stress concentrations given 
herein it is therefore necessary to exclude the local 
effect from the latter. The above mentioned near linear 
strain distributions can be extrapolated into the junc- 
tion so that this is achieved. Measurements made less 
than about 0.2 t from the junction should not be taken 
into account since here the local concentration starts to 
become effective. 


RELIABILITY OF THE RESULTS 


Table 1 shows a comparision of stress concentration 
factors determined by the author compared with 
measurements made on welded steel joints by Beale and 
Toprac [4] and by photoelastic and finite element 
analysis by Chi-Tat Kwan [5]. Stress concentrations 
measured on T joints under axial load by these investi- 
gators are compared with results predicted for their 
specimens from Figs. 3 — 5. Correction for + is made 
on the basis that it is proportional to K (see 7.5). For 
Beale’s welded joints, the predicted results are reduced 
by 15% to compensate for the weld fillets (see 7.9). 


The major discrepancies in the above comparisons are 
for joints N6 and 1. Comparison of Beale’s results for 
these two joints with those which he obtained for N7 
and N2 respectively shows that chord length is a sig- 
nificant parameter while the present work shows that, 
below a critical chord length, this is not the case. 
Beale’s results for joints N4 and N7 are consistent with 
this latter conclusion. 
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TABLE 1 


: Reference Present 
Joint < B uf t results results 
Nl 7.8 0.22") 123 0.41 ape: 3.5 
N2 riF, 0.21 25.0 | 0.81 14.0 13.8 
N3 9.1 0.21 31.5 0.86 20.0 16.8 
N4 i far 0.42 25.0 1.03 24.5 22.8 
N6 15.4 | 042 25.0 1.03 33.5 22.8 
N7 Wi 0.42 25.0 1.03 24.0 22.8 
1 15.4 | 0.17 25.0 0.87 23.5 12.9 
2 15.4 0:30) 25.0 0.90 18.0 17.6 
3 15.4 0.84 25.0 1.00 17.8 18.3 
4 15.4 1.00 25.0 1.00 10.3 8.5 
PTI 4.9 0.5 13.6 0.35 5.9 5.3 
PT2 4.9 0.5 18.4 0.49 98 8.2 
PTS 4.9 0.5 24.4 0.61 14.5 15.9 

9 CONCLUDING REMARKS 
9.1 In order that accurate fatigue analysis can be made of 


i) 


welded tubular structures, there is an urgent demand 
by designers for stress concentration factors covering 
the different types of joints, geometries and modes of 
loading. The large number of variables and the prob- 
lems of accurate calculations or photoelastic deter- 
minations of the stress concentration factors have 
focused attention on strain gauge measurements on 
model tubular joints. The paper presents a cheap and 
rapid model technique which provides reasonably 
accurate measurements of the stress concentration 
factors at stiffened or unstiffened joints. Results are 
given for ranges of T and X type joints. 
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Discussion on Mr. A. C. Wordsworth’s Paper 


EXPERIMENTAL DETERMINATION OF STRESSES AT UNSTIFFENED 
TUBULAR T AND X JOINTS 


Mr. D. T. BOLTWOOD 


Mr. Wordsworth is to be congratulated on producing 
such an interesting and most readable paper. 

My first point would be to ask why we are concentrating 
our efforts on unstiffened tubular joints. This experimen- 
tation is clearly related to the support structure of offshore 
installations and in many cases the unstiffened model will not 
entirely reflect structural practice. Whilst appreciating that 
arrangements of stiffening may vary greatly in practice, 
thus making it difficult to standardise modelling, it is 
nevertheless thought that experiments on stiffened models 
would prove more valuable. Stiffeners can be utilized to 
reduce high stress at tubular joints and knowledge of where 
to locate stiffeners to be be most effective would seem to 
me to be most valuable to both designer and approval 
authority. 

My second point relates to the circularity of the com- 
ponents making up the test model. If accurate strain 
definition is required then the models “‘out-of-roundness” 
must be kept to an absolute minimum. In some recent 
experiments in which I participated, connected with the 
instability of ring reinforced circular cylinders under 
external pressure it was possible by using the Taylor- 
Hobson “Talyrond” instrument to obtain a trace of out-of- 
roundness of 0.025 mm (d=101.7 mm) which reflects a 
high degree of manufacture. 

Could the author describe the method he employed to 
minimise out-of-roundness, the technique employed and 
the limits he would accept. 

Finally, can the author describe what technique is 
employed to relieve stresses which build up during the 
manufacturing process and during joint assembly. 


Mr. G. P. SMEDLEY 

The problem of the determination of peak stresses at 
unstiffened intersecting cylinders subjected to axial loading 
or bending is long standing and is not confined to framed 
tubular structures. In the past it has arisen in connection 
with pipework, nozzles on pressure vessels, tubular jibs of 
heavy lifting equipment, etc. Unfortunately the complexity 
of the calculations and the large number of variables have 
delayed seriously accurate and economic solutions and 
hence code requirements. Considering simple T type joints 
alone, the peak stress concentration factor at the inter- 
section is governed by five geometric parameters and differs 
for each principal mode of loading. For more complex 
types of joints (e.g., K, TK, XK types) the number of 
variables is much greater. 

Some time ago it was decided that the Society should 
make a systematic attack on the problem because of lack 
of progress of research at home and abroad. The technique 
devised and reported by Mr. Wordsworth was the only 


acceptable one having regard to time scale and cost. It was 
appreciated that the accuracy may not be as good as for a 
photo-elastic technique, for example. However, such tech- 
nique was extremely time consuming and much less 
versatile. Moreover, comparisons of results obtained by 
Mr. Wordsworth with those published for finite element 
computer analyses, photo-elastic measurements and strain 
gauge techniques on steel joints, have been most encourag- 
ing. 

The results obtained to date have been commended by 
the industry and code authorities. The outcome has been 
increased demand for similar investigations under contract. 
The work will continue for some time and at least until 
Mr. Wordsworth has broken the back of the problem. In 
the near future reliable guidance should be available for 
the design against fatigue of T, X, Y and angled X type 
joints. Data covering the variables for these types of 
tubular connections are now being analysed to determine 
the most suitable form for use by designers. 

In the determination of the stress concentration factor, 
the Author determines his reference nominal stress on “cali- 
bration” gauges on the brace member. Does he also con- 
sider the nominal stress based on the applied load and 
actual brace diameters? Is there any significant difference 
between the two values? 

The variation of K (chord member) with the diameter to 
thickness ratio of the chord is shown to be almost linear 
(Figure 5). Similarly, the variation of K with the brace to 
chord thickness ratio is also linear (Figure 4). Thus for con- 
stant brace to chord diameter ratio the peak stress in the 
chord should be inversely proportional to the square of the 
chord thickness. This appears to hold for axial load or a 
transverse B.M. on the brace, but does not seem to apply 
in the case of the longitudinal B.M. on the brace notwith- 
standing Mr. Wordsworth’s findings. 

In Figure 4 the Author shows that K on the brace side 
is linear with the thickness ratio. Does this also apply to y? 


Mr. J. S. KENNEDY 

Mr. Wordsworth has dealt interestingly and succinctly 
with his end of the important matter of providing the 
background data which offshore designers urgently need. 

The penalties for getting it wrong offshore are con- 
siderable resulting in high repair costs and perhaps deferred 
production in addition to interrupted cash flow. 

The paper is made all the more interesting by the open- 
ing summary which refers to “a cheap experimental 
method”. We are now used to thinking in terms of the use 
of computer methods particularly finite elements. I would 
be interested to hear how the experimental methods com- 
pare in terms of cost and efficiency. 


AUTHOR’S. REPLY 


Firstly, I would like to thank my colleagues who have 
contributed to the discussion. 


To Mr. D. T. BoLTWoop 


You make the extremely valid point that the joints 
investigated are unstiffened whereas, in many cases, the 
joints on offshore structures are stiffened either by rings, 
webs, or longitudinals. The results reported form part of a 
continuing investigation on a variety of types of joints. 
Multi-brace and stiffened joints will be studied later in the 
programme but it was considered advisable to first obtain 
a thorough understanding of how the relatively simple T 
and X joints behaved. 

The maximum out-of-roundness of the tubes specified by 
the U.K.A.E.A. for the tests on their joints was 1% of the 
nominal diameter, this being typical of the full scale tubes. 
In most cases the maximum out-of-roundness of the acrylic 
tubes was less than 0.1%. While any lack of circularity of 
the components is undoubtedly very critical for cylinders 
under external pressure, such errors will have considerably 
less effect on tubes under axial and bending loads. 

No stress relief of the acrylic joints is necessary since the 
strain gauges are only used to measure strain increment 
versus load increment and the absolute strains are therefore 
of no significance. 


To Mr. G. P. SMEDLEY 


You refer to the use of “calibration” gauges for deter- 
mining the reference strains on which the stress concentra- 
tion factors are based. The strains recorded by these gauges 
are, as a matter of caution, compared with the nominal 
strains calculated from the applied load, Youngs Modulus, 
gauge factors etc. to ensure that they are within about 3% 
of each other. Since the “calibration” gauge strain levels 
can be obtained more directly, i.e. without any prior know- 
ledge of Youngs Modulus, gauge factors, etc, these values 
should be the more accurate and they are therefore used in 
preference to the calculated ones. 

Fig. 5 shows the variation of K with chord radius to 
chord thickness ratio, and the graph shows that, within the 
y ratios investigated (12 to 32), K varies almost linearly 
with y. The lower limit for which this linear relationship 
has been shown to be valid should have been quoted in my 
text since, for the longitudinal B.M. case, extrapolating 
linearly to y=0 gives K equal to about 2 when it should 
clearly be zero on the chord side and unity on the brace 
side. Kuang (Ref 1A & see Fig. 1A) gives empirical 
equations for the longitudinal B.M. case which are claimed 
to be valid between y=8 and y=32 and which show K on 
the chord side as being proportional to y°:®. No other data 
for the longitudinal B.M. case are known to the author. 
The actual concentrations measured are plotted below and 
it is shown that, within the limiting y ratios, they are not 
necessarily inconsistent with K being proportional to y°:°. 
They are however significantly different from the values 
calculated directly from Kuang’s equations. 


cm | 
x= Experimental points 
7=1,0 
8=0,5 


ny WO fo oO I © 
} 


_ + +— 


A ladbe SS + : 
K max On brace side 


1 bake Cee) a Sa PS 


Fic. 1A 


Variation of stress concentration (K) with 
Chord Radius 
Chord Thickness ” 
in the case of Longitudinal Bending Moment. 


From the measurements made of K on the brace side of 
the joints the indications are that it is also proportional to y 
although when y=0, K on the brace side should equal unity. 


REF 1A KUANG J. G. et al. Stress Concentrations in 
tubular joints, O.T.C. 
2205 1975 


To Mr. J. S. KENNEDY 


The point raised regarding the efficiency of the experimen- 
tal methods of structural analysis vis-a-vis the finite element 
method is important. There are three basic approaches to 
structural analysis. The first might be termed the classical 
method (working from first principles or using standard 
formulae so derived), the second, the experimental method, 
and the third, the finite element (F.E.) method. It is probably 
true to say that any structural problem can be solved to any 
required degree of accuracy using the second and third 
methods. Also, if sufficient resources are available, the time 
required for either type of analysis can be brought down 
to almost any required level. The only basis on which to 
assess these two methods is therefore the relative cost of 
each to obtain a given level of accuracy in a given time. 
Little effort has been devoted to determining which method 
is the cheapest for the various classes of structure. Con- 
sideration was given to this in the U.K. Offshore Steels 
Research Project, a £3M investigation into the behaviour 
of tubular joints which is being managed by the U.K.A.E.A. 
One of the aims of this Project is to develop a F.E. method 
for the analysis of tubular joints using thin shell elements. 
The initial intention was to use the experimental method 
described in the paper in order to check the accuracy of a 
limited number of the joints analysed by the F.E. method 
and to then analyse the remainder by the latter method. 
The results showed that the experimental method had such 
a large cost advantage over the F.E. method, particularly 
as the complexity of the joints increased, that the remainder 
of the joints were analysed by this method rather than by 
F-E. 
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PAINTS ARE ENGINEERING MATERIALS 


by E. EIKERS, M.Sc., C.Eng., M.I.Corr.T. 


SYNOPSIS 

Ships and other marine structures are painted for a 
variety of reasons. Paint is of great importance for its 
utility and appearance, as well as its economy. However, 
paint is generally not given the same degree of considera- 
tion as other engineering materials by those involved in 
design, construction and maintenance, and the importance 
of allowing a safety factor in design and execution is all 
too often neglected. 

In principle the composition of paint is quite simple: 
a powder, finely dispersed in a binder, and it is supplied 
in a liquid form obtained by the addition of thinners which 
evaporate during and immediately after application. 

The viscosity and the surface tension are two of the 
parameters which govern the behaviour of liquid paint dur- 
ing its application. The application properties must be 
rather carefully matched to the characteristics of the surface 
of the substrate, upon which the paint has to be applied, 
in order to achieve optimal results. 

For practical purposes paints are best classified according 
to their modes of transition from a liquid to a solid coat- 
ing. Knowledge of the conditions apertaining during the 
transition process as well as of the influence of some 
external factors on the final result can be most valuable, 
both at the design stage and during application. 

What basically determines the protective properties of a 
paint coating system is only partially known, and what is 
known is mainly for underwater paint systems in which their 
electrolytic (i.e. ohmic) resistance plays an important role. 

Consideration of the molecular build-up of binders used 
in paint coatings relates them to the same class of materials 
as rubbers, adhesives, fibres, and plastics. These form 
jointly with paint binders, that class of materials called 
polymers. 


1 INTRODUCTION 


Why do we paint ships? There are in fact more reasons 
for painting ships than immediately come to mind. How- 
ever, in this paper the following points will be dealt with. 
Above the waterline it is mainly a matter of appearance, 
i.e. purely a question of ‘cosmetic’ effect, and the colour as a 
warning for safety against collisions is an added effect. 
Below the waterline and in tanks, paint is used to prevent 
the degradation of the steel surface by corrosion. Rusting 
of the steel may result in break-down of the integrity of 
the structure, particularly through pitting and corrosion 
fatigue. In tanks the corrosion products formed may also 
cause serious contamination of the liquid cargo. On ship 
bottoms the roughness resulting from corrosion will have 
an accumulative effect on the loss of speed or it will cause 
increased fuel consumption. To this ‘drag’, because of cor- 
rosion, has to be added the transient contribution between 
drydockings, caused by marine fouling, against which the 
only means, so far, has been a special kind of paint. 

Classification societies offer interested third parties an 
unbiased opinion that the minimum requirements of 
structural safety are satisfied, by virtue of compliance with 
their rules and survey requirements. So, different items, 
such as steel plates, machinery, pipes, and electrical cables 
are only delivered to the shipyard when these materials 
and pieces of equipment have been examined at the 
fabricator’s plant by a representative of the classification 


society and a certificate issued to that effect. During all 
stages of construction the work is examined by qualified 
surveyors. The welder’s work is of such importance that 
in order to ensure structural dependability, training is 
required and the work examined. 

When stainless steel is to be used the classification 
societies require shipyards to demonstrate the welders’ 
ability to produce satisfactory work. Stainless steel as part 
of a ship’s structure poses the builder with high demands 
for proper handling and cleanliness from the moment of 
unloading until the ship leaves the yard. Vacuum devices 
replace the usual crane magnets, hoisting fixtures must be 
covered with stainless steel, and the construction hall 
requires wooden beams grouted into the concrete floor. So 
for certain special jobs the demands on the shipbuilders for 
high quality work are even greater. 

Are paints and painting treated with the same regard as 
other engineering materials? When Mr. Arthur C. Sargent 
at a Marine Coatings Conference in the United States a 
couple of years ago raised the question: ‘What does the 
naval architect think about paint?’ he replied to the ques- 
tion himself: “The answer is simple, he does not’. He 
might have included in the question and answer, persons 
of many other professions involved in the shipping industry. 

One of the important lessons in modern business philo- 
sophy is that one has to think not in terms of the product, 
but in terms of functions, e.g. not in terms of telephones, 
but of communication—not in terms of ships but in terms 
of transportation—and thus, not in terms of paint but in 
terms of material conservation! Paint is only one factor in 
a much larger complex problem. A systematic approach 
to painting encompasses the steel substrate, the nature of 
the pre-treatment, the surface profile, the presence of any 
rust-promoting contaminants, the generic type of paint 
coating selected, the conditions ruling during application 
and curing, the painting equipment available, the properties 
of the intermediate and top coats and the effective total 
thickness of the protective paint coating. 

The rules of the classification societies in the past reflect- 
ed only the current painting practice of the marine industry. 
The limited endurance to be anticipated from paints at that 
time made it necessary to add to the steel scantlings, a 
corrosion allowance in order to meet the demands for 
minimum strength. In about 1960 the classification societies 
accepted that advanced products had been developed in the 
paint industry and a reduction in scantlings for tankers was 
justified where the paint coating was capable of eliminating 
cargo contamination, and this was also extended to dry 
cargo vessels. 


2 WHAT IS PAINT? 


What is paint? Paint is a fluid material which gives a 
solid coating. Every material that coats is a coating 
material, but not every coating is a paint. Whoever tries, 
will soon learn that it is no easy task to define ‘paint’. 
Looking into the composition of paints it is found that, 
when reduced to fundamentals, they are of an astonishingly 
simple composition: a white or coloured powder, and a 
liquid, of which a part solidifies to form a binder when the 
rest, the thinner, has evaporated. 

For many, many years the ‘art’ of paint-making was an 
integral part of both the craft and the art of painting, and 


it is only recently that paint has received scientific attention. 
It is over 25 years since the statement: ‘Paints are Engi- 
neering Materials’ was made for the first time. 

Paints are Engineering Materials—is such a statement of 
more than academic interest? Its first implication is that 
paint should be described in similar terms to those used 
for other engineering materials such as steel, concrete, and 
wood. Steel is certainly not specified in the terms used by 
the blacksmith. The ‘technical’ terms used by the craftsman 
painter at his work, handling the liquid paint products can- 
not be accepted. The paint chemist’s usual attitude towards 
paint, which he considers as complex mixtures of many 
odd chemicals, will be of no help to reach an understanding 
of how and why paint can act as a functional material. 

It is, however, possible to make use of the concept of 
modern materials science to explain the behaviour of paint 
coatings as are used for other engineering materials! It must, 
though, be admitted that we cannot as yet design a paint 
coating system in such detail as to accurately predict its 
performance. In paint coating engineering similar pheno- 
mena are met which cause those unpredictable failures 
encountered in other fields. 

The specific reasons for paint failure may not always be 
easy to detect, although there are a well-known number of 
possible short-comings in the pre-treatment of the steel 
surface and in the processes of application of the liquid 
paint which all detract from the normal performance. One 
recurrent reason is simply insufficient film thickness. There 
are practical difficulties in obtaining full thickness of the 
coating on peaks and sharp edges. Too often the inherent 
protective value is deliberately reduced because paint is 
being specified for application at less than its recommended 
thickness out of a desire to reduce the cost of materials 

No engineering structural material is used in any design 
without an included safety factor. Any civil engineer or 
naval architect would hesitate before reducing the safety 
factors learnt from many years of sometimes bitter 
experience. It is extremely doubtful that any shipowner 
would be prepared to purchase any item of navigation 
equipment, pumps or propulsion machinery that sacrificed 
required performance and safety in order to obtain a price 
reduction. The necessity of designing with a safety factor 
seems to be very often ignored, when it comes to paint and 
other non-surveyable items, paint manufacturers being too 
often asked to agree to a reduction in their recommended 
coating thickness. 

Paints, like the other engineering materials supplied to 
the shipyard, fabricator, contractor and others are, ‘raw 
materials’ and, like all other engineering materials, their 
performance is strongly influenced by the design of the 
system and the final result depends on the degree of 
expertise and care with which they have been used. 


3. THE COMPOSITION OF PAINTS AND THEIR 
CLASSIFICATION 


Like most other types of paint, marine paints are of 
quite simple basic composition. For the manufacture of 
marine paints as well as other paints, one has at one’s dis- 
posal hundreds and hundreds of raw materials, some of 
which differ widely. A discussion of the various raw mater- 
ials and the different properties they impart to paints is 
quite another story, and for the purpose of a first under- 
standing of ‘paint’ we only need to divide the raw materials 
into the three groups already briefly mentioned and deal 
with them more in detail, 


powders, 
binders, 
thinners (or solvents). 


i] 


Thinners are volatile liquids which, during production and 
application, help to form the other non-volatile constituents 
into a suitable flowing product, usable with the tools and 
equipment which have become common within the industry. 
The more thinner a paint contains, the greater the reduc- 
tion in volume from the liquid form until the solid coating 
is obtained. Product information on the solids content thus 
becomes very important for the painter, the estimator and 
the purchasing manager alike. 

The powders, also called pigments, are available in all 
shades of the spectrum, including black and white. Besides 
giving the paint its colour they provide ‘hiding power’ or 
opacity—they can also act as rust inhibiting agents, or 
prevent the fouling on ship bottoms. 

The binder’s function in the paint coating is to cement 
together all the grains of the powders and to provide the 
coating with the ability to stick to the substrate to which 
the paint has been applied. The binder, present in the paint 
as supplied, may be liquid in itself, but more often the 
addition of thinners (or solvents) is necessary to obtain the 
desired fluid properties. 

The products of the paint industry are presented to the 
customers—as are so many other products—under more or 
less characteristic fancy trade names. In order to understand 
what kind of product is delivered under such a name, one 
must possess a little understanding of paint chemistry, 
which can be learnt rather easily. When a chemist starts 
talking he will very soon introduce a number of special 
terms, such as atoms, molecules and others which are part 
of his everyday language, but these words may be far from 
familiar to the uninitiated. When it is a question of the 
building blocks and sub-assemblies of all existing matter, it 
may help to think of something else, say a ship, which is 
also built from smaller entities: plates and sections repre- 
senting atoms, weldments molecules and the ship itself 
polymers, polymer being the key word for the binders in 
the paint product. 

The vast number of paint products found in any manu- 
facturer’s price list and catalogue is not quite as over- 
whelming as it seems at first sight. All the existing paint 
types can virtually be divided into two groups: the physi- 
cally drying and the chemically curing. 

In some cases the polymer ‘binder’ is first dissolved in 
thinners in order to provide a suitable medium in which 
pigment and other powders can be incorporated to give a 
paint. Binders in paint belonging to the physically drying 
family are present already in the liquid paint as very long, 
‘pre-fabricated’ chains. The whole transition from liquid to 
solid consists of evaporation of the thinners, which is a 
purely physical process, hence the name of the family. The 
chains neither change their chemical structure nor their 
length during this process. Such paints dry to form solid 
coatings solely by evaporation of the thinner. Because of 
the lack of change during formation of the coating, such 
paint coatings can be re-dissolved in the original type of 
thinners. The names of the members of the product family 
are taken directly from the chemical product from which 
the binder comes: 


asphalt, pitch, bitumen and tar— 


acrylic, chlorinated rubber and vinyl. 


In the chemically curing family the hardening or curing 
of the binder, the transition from liquid to solid form, 
takes place because smaller starting units build up into 
more complex and larger ‘cross-linked’ structures, forming 
a totally coherent network. 

The chemical reaction differs and this is the basis for the 
classification into smaller product families, such as 


oleoresinous and alkyd paints, 
epoxy isocyanate, and 
silicates. 

All oil-based paints, such as the oleoresinous (‘gum-and- 
oil’) and the alkyd paints, owe their capability of solidifica- 
tion to the presence in their structure of unsaturated fatty 
acids which can react chemically with the oxygen in the 
air. This uptake of oxygen (‘oxidation’) leads to formation 
of oxygen-bridges (‘cross-links’) that join the oils into poly- 
mers formed in sifu in three-dimensional structures that 
may have some soft material trapped within them. 


Fic. 1 
Fic. 1 shows the molecular structure of linseed oil in which 
three chains are attached to each other. These chains can 
be cross-linked to other linseed molecules by oxygen 
bridges formed in an oxidation process. 


Epoxy and isocyanate paints are delivered as two 
separate components because, when blended, the two parts, 
‘base’ and ‘curing agent’, start to react immediately to form 
the cross-linked binder. 

Dissolved silicates are precipitated in a quartz-like form 
by chemical reactions between the humidity and carbon 
dioxide of the atmosphere. Cross-linked, chain-like poly- 
mers are formed, in which the ‘backbone’ is composed of 
inorganic elements. Being highly oxidized, the structure 
possesses high strength, chemical stability, and excellent 
heat resistance. Adjacent chains are held together by 
stronger bonds than those in the other organic polymers. 
They make the inorganic coatings both harder and tougher. 
As yet, inorganic binder paints have only made their 
impact as zinc silicates in the marine industry. 

In all types of chemically curing paints mentioned the 
formation of three-dimensional, cross-linked structures 
results in insolubility in many solvents and thinners. 


4 PAINT AS A FLUID 


Paint products are delivered to the customer as liquid 
materials, and some basic knowledge of the behaviour of 
fluids is thus useful. As a matter of fact the applicator is 
more concerned how to apply it than about its performance 
as a solid coating. 


Its sprayability, ‘drag’ under the brush, spreading on the 
substrate, penetration into the surface porosity, levelling of 
brush marks and ‘orange peel’, sagging (‘running’, ‘curtain- 
ing’) on vertical surfaces as well as the general ‘feel’ or 
appearance depend on the paint’s resistance to flow 
(‘viscosity’), and surface tension. 

Paints as applied by painters are liquids, but some of 
them are supplied by manufacturers in apparently stiff 
masses which may easily be broken down to a fluid by 
stirring as well as under the brush, or when forced through 
the spray gun nozzle. Paints which appear solid in the can 
and flow extremely slowly with slight force, but flow easily 
during normal application, are said to be thixotropic. Most 
paints, however, have an intermediate degree of flow. 

The only means at a painter’s disposal of regulating the 
flow properties of his material in use is the addition of 
thinners. It is, mandatory however, that only thinners of an 
appropriate composition is used, otherwise the paint 
binder may precipitate to a useless, jelly-like substance. 
This phenomenon may be explained in scientific, but simple 
terms, when considering the solvent power of the thinners 
in relation to the (electronic) forces that keep the binder 
particles in solid form. 


Hydrogen bonds 


Fic. 2 


The energy which holds solvents together is made up of 
van der Waal’s bonding forces and hydrogen-bonding 
forces, and each solvent can be located as a point on the 
diagram, see Fig. 2. Binders are characterized by the 
solvents which dissolve them. A, B and C represent true 
solvents for the binder shown, but a 50:50 blend of the 
non-solvents X and Y will act just the same as solvent C. 
Addition of solvent Z to give a composition of equal parts 
of C and Z will result in a solvent blend U without disolv- 
ing power, and gelling will occur, i.e. an insoluble jelly-like 
substance is formed. 


The spreading of the liquid paint on the substrate is 
governed by the surface tension, which controls the forma- 
tion of the wet paint coat. It is well known that all liquids 
have a tendency to form droplets, and paint as a fluid 
material is no exception; some types will stay as beads 
when spray applied, others will almost spontaneously wet 
the surface. It is, in fact, more a matter of interfacial 
tension between the paint and the substrate. This can be 
demonstrated when paint is applied to an oily or waxy sur- 
face where it will gather in droplets, whereas on a clean 
surface it will spread in an even film. If the surface exhibits 
a certain roughness, wetting may be increased because of 
the ‘wicking’ effect due to the pores acting as capillaries, 
i.e. the surface tension is reduced. 


5 THE TRANSITION OF PAINTS—FROM 
LIQUID TO SOLID 


Some knowledge of the basic facts, and a few rules from 
the laws of physics and chemistry relevant to the formation 


of a paint coating can be very useful. Non-compliance with 
the given recommendations based on the known behaviour 
of any given paint under different ambient conditions can 
be, and has been, very costly for the party who has to pay. 


5.1 Vapours in the Air 

It is taken for granted by many that a high percentage 
of moisture in the air will prevent solvents and thinners 
from evaporating from the ‘wet’ coat of paint, the atmos- 
phere already being filled with vapour. However, this is 
not correct unless the thinner-solvent is water. In narrow 
spaces with poor ventilation organic thinners may accumu- 
late, creating a high concentration which will cause the 
remainder of the volatiles to be retained in the coating, 
thus causing the film to remain wet or soft. 

Some paints need water for the chemical reactions lead- 
ing to solidification, as is the case of ethyl silicate paints, 
and therefore they will not cure at all in an atmosphere 
which is too dry. 

It is always critical when applying paint in conditions 
of high relative humidity, for under such conditions a 
small decrease in temperature may cause condensation, and 
water to form on the surface. Painting on wet surfaces will, 
in most cases, impair the spreading of the liquid paint and 
thus cause poor adhesion. Water droplets deposited on a 
not ‘dry’ or fully cured film may be taken up by the coat 
and remain trapped when it dries, and cause weak spots in 
the final film. 


5.2 Temperature 

Within practical limits temperature has only a small 
influence on the rate of evaporation of the thinners 
(solvents) in most cases. Vinyl paints have been successfully 
applied by spraying at minus 15°C, but at too high a 
temperature evaporation of the thinner (solvents) may 
occur so rapidly that the coating is not given the oppor- 
tunity to level properly and so eliminate the ‘craters’ form- 
ed where the vapour broke through the surface. 

When chemical processes are responsible for curing, the 
temperature has a significant influence on the reaction. 
“Rule of thumb’ tells us that the rate of reaction is doubled 
for each 10°C rise in temperature and vice versa. This 
means that ‘drying’ or curing time, overcoating intervals 
and pot life for two-component products quoted by the 
manufacturer at say X°C, are reduced to half the original 
value for each 10°C rise in temperature. It should be re- 
membered that it is the temperature of the substrate that 
matters and this should always be taken to be more 
important than the ambient temperature. Ignorance, 
particularly of the reduction of the critical overcoating 
interval at higher temperatures, can be very costly because 
of the possibility of delamination should the next coat be 
applied late. 

Build-up of an alkyd system by one coat each day is the 
regular procedure, but at low temperatures, i.e. at 5 to 
10°C, the drying may be so retarded that the work schedule 
will require adjustment. 

Curing is drastically retarded in chemically curing paint 
systems such as epoxy and isocyanate paints, when the 
temperature falls below 10°C. At lower temperatures the 
two reactive partners will lack the molecular movement 
required to get close enough to react chemically with each 
other. The blend can then be considered as ‘deep-fozen’! If 
the temperature increases later then the conditions for 
chemical reactions are re-established, but there is no 
guarantee that an identical end result may be expected, 
particularly not if the uncured coating has suffered from 
the inclusion of water taken up while the coating had not 
reached its full potential of resistance against water. 


5.3 Film thickness 

The thickness of a wet coat of paint influences matters 
in two respects: the evaporation of the thinner (solvents) 
and the up-take of oxygen in oil-based paints. 

The evaporation of the thinner (solvents) from paints 
belonging both to the ‘physical’ and the ‘chemical’ families 
is a reaction which passes through two distinct phases. 
Volatiles present at the interface between the air and the 
paint coat can freely escape, being only controlled by the 
external conditions ruling (ventilation etc.). Doubling the 
thickness of the ‘wet’ paint will simply double the time of 
this phase, since twice the amount of volatile material must 
pass through the boundary between paint and the air. 
When the paint has reached the ‘touch-dry’ stage, the loss 
of thinner-solvents is controlled by their transport within 
the coat to the air interface. its rate is no longer constant 
and it decreases as the concentration of the solids and thus 
the viscosity increases. Doubling the thickness of the wet 
coat quadruples the time of the second part of the evap- 
oration process. 

All oil-based paints (e.g. oleoresinous, alkyds, urethane 
oils and epoxy esters) depend for their ‘drying’ (i.e. solidi- 
fication) on the up-take of oxygen from the air for the 
chemical process (oxidation) which leads to the build-up 
of the network structure. The oxygen has immediate 
access to the oil (free or bound into the slightly more 
complex structures as in the oil-alkyds) present in the 
boundary layers. Movement of air within the coat becomes 
retarded with time. Lack of ‘through-drying’ is most pro- 
nounced in the high-build type oil-based paints. It seems to 
be a paradox that high-solids products generally contain 
high proportions of thinner-solvents and are not ‘high- 
solids’ compositions. 

In the absence of sufficient oxygen, i.e. when oil-based 
paints have to dry in confined spaces with poor ventilation, 
they ‘dry’ in an abnormal manner, which may cause 
subsequent coats of paint to recede from part of the 
surface during application (‘cissing’). 


6 PROTECTIVE PROPERTIES OF A 
PAINT COATING 

A paint coating protecting steel against marine corrosion 
acts as a sheathing (a barrier) preventing or retarding the 
movement through the coating of water and oxygen, which 
are necessary for the corrosion process to proceed. Cor- 
rosion comprises a series of electro-chemical reactions and 
is thus dependent on a continuous electrical current. 
Various electrically charged chemical particles (‘ions’) 
serve as ‘vehicles’ to carry the electric charge, the paint 
coating acting as an insulator. Several investigators have 
provided evidence for the assumption that the capacity for 
protection is basically determined by the ohmic resistance 
of the coating and thus is dependent on its thickness and 
the composition of the paint and particularly on the nature 
of its binding medium. The ohmic resistance has to be 
above a certain threshold value and must remain stable 
over an extended period of time to ensure that consistent 
protection is afforded to the steel. Paint systems applied 
with a coating thickness below the recommended value 
may fail prematurely and could, in fact, be considered as 
structures for which the safety factor has been reduced 
below that which available experience would advise. 


7 NATURE OF PAINT POLYMERS (THE BINDERS) 
Having briefly considered the behaviour of a paint coat- 
ing as a protective engineering material, let us glance into 
the inner structure of its binder, using the principles of 
modern materials science, which relate performance to 
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Fic. 3 
The relationship between paint coating thickness and ohmic 
resistance and its permanence during the immersion period 
is shown in Fig. 3. As long as the ohmic resistance is above 
8 on the scale log R (where R=Ohms/cm*) consistently 
good protection may be expected 


properties and in the end to the molecular ‘architecture’ of 
the material in question (its inner structure). 

Observed through a chemist’s eye a paint coating is a 
coloured powder, finely dispersed in a polymer, the inner 
structure of which may be visualized as three-dimensionally 
long chains that are normally in constant movement. The 
individual chains interact with each other either by simple 
entanglement, or via cross-links of different stabilities, 
representing stronger or weaker chemical cohesive forces. 
The chain is often branched and various bulky side-groups 
may be attached to the chain. Due to their structure, and 
particularly when a large number of bulky side-groups are 
present, the chains cannot be completely compacted, thus 
leaving unoccupied spaces as voids in the apparently solid 
material. (Figs 4, 5 and 6.) These unoccupied spaces con- 
stantly change their positions, and serve as ‘stepping stones’ 
for foreign materials, such as water, oxygen and ‘ions’, 
which are thus permitted to pass through the paint sheathing. 
The movement of the electrically charged ‘ions’ is eased 
and accelerated because certain groups present in all 
binders have a capacity for splitting-off electrically charged 
particles and they then become themselves oppositely 
charged, and repel or attract other electrical particles 
in the environment, such as the chloride and sodium ions 
in salt water. 

It is with this background that the interaction between 
paint coatings and cathodic protection must be considered. 
A potential difference applied across the paint coating 
provides an amount of extra energy which ‘activates’ the 
diffusion, i.e. accelerates the passage of the electrically 
charged particles through the coating. The quantity of elec- 
tric current is augmented and thus the rate of deterioration 
of the paint coating is increased. Design and installation of 
means for cathodic protection for underwater use should 
always be made with due regard to the nature of the paint 
coatings involved. 


Fic. 4 


Molecular model showing a true picture of a straight 
hydrocarbon chain, which is not a paint binder. At a hun- 
dred times greater length or more it would represent poly- 
ethylene. 


Fic. 5 


A complex chain including six-membered rings which in 
every respect represents the liquid epoxy resin shown in 
the background. 


Fic. 6 


Various polymer chain structures, (a) straight chains, (b) 
branched chain, (c) chain with bulky side groups of six- 
membered ring structures, (d) simple straight hydrocarbon 
polymer chain in one of the innumerous random spatial 
arrangements possible. 


8 CONCLUSIONS 


At present there is no scientific evidence of any major 
break-through in the paint industry which will result in 
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completely new products. Neither is there any chance of 
modifying existing products to make them successfully 
applicable to rusty or dirty steel under any climatic con- 
ditions. The aim must be to obtain the optimum results 
from the products currently available, and to continue to 
use them for the conservation of structural material for the 
foreseeable future. There is every reason to continue 
explaining the nature of paint products and paint coatings 
and their inherent limitations, advocating that preparatory 
work on the substrate, as well as the application of the 
paint, is carried out under conditions which are at least 
reasonably favourable to paint as other engineering ma- 
terials. 
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RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS—1978 


By W. McCLIMONT, B.Sc., C.Eng. and J. I. MATHEWSON, C.Eng. 


1 INTRODUCTION 

Perhaps the most revolutionary factor in post-war ship- 
building technology has been the increase in size, power 
and complexity of ship types and components, particularly 
during the ‘Sixties’. In an increasing number of cases the 
application of the Society’s published Rules was inappro- 
priate and the only practical alternative was the verification 
of the design by direct calculation from first principles. 
The need for such techniques increased steadily to embrace 
a wider range of ship types and components and it was 
recognised by the early ‘Seventies’ that this continuing 
development made it necessary to document the Society’s 
calculation procedures and to make reference to them 
directly in the Rules. 

Complementary to such developments has been the intro- 
duction of the power of the computer into the design and 
construction process in practical terms. A recent develop- 
ment in this area within Lloyd’s Register has been the 
establishment of Hewlett Packard 9830A desk top com- 
puters at twelve plan approval centres throughout the 
world. Programs covering both ship Rules and direct 
calculation procedures are available for these machines and 
for compatible machines owned by clients. Subscribers to 
this service will receive cassettes holding updated programs 
embodying any Rule changes as they are incorporated into 
the Rules. 

The pace of work in extending the techniques and high 
level of approval work to be undertaken combined to delay 
until 1974 the necessary work of Rule revision. Meantime 
a number of other factors had combined to indicate that the 
time had come for a comprehensive and fundamental 
examination of the whole format and presentation of the 
Rules. 

Suggestions had been made from a number of offices, 
particularly in Europe, that a loose-leaf volume would be 
more convenient than the traditional bound volume and 
the experience of these offices in the use of Standards and 
similar publications in such form was studied. Considera- 
tion was already being given to re-writing Chapter A and 
much of B and C was due for revision. Chapter E was also 
due for a complete re-write as was Chapter N. 

By August 1974 it had been decided that the present 
layout had ceased to give the user the information he 
required in an effective manner and that the time had 
indeed come for a major restructuring exercise. A steering 
group, meeting weekly, was given the task of monitoring 
this effort. The group was deliberately small—no more 
than six—because the task was formidable and a tight 
schedule had been prepared, but it embraced all the 
representatives necessary to ensure action—naval architec- 
ture, engineering, administration and management were all 
represented. As two members of the steering group, we 
would like to record the excellent co-operation given by all 
departments involved. 

During the course of the restructuring exercise the Steer- 
ing Group kept in close touch with the views of every 
branch of the marine industry, consulting selectively world- 
wide. The response to the plans and proposals for the 
Rules was very encouraging and surprisingly close to una- 
nimity. The policy was to be as radical as was considered 
necessary but not to indulge in change merely for its own 
sake. 

The intention was to present the Rules in a more logical 


cy sequence in a way that would benefit the user. Although 


there have been substantial changes compared with the 
1976 Rules (1977 was deliberately a blank year), the 
emphasis has generally been on re-organisation. The new 
edition of the Rules becomes effective on January 1, 1978. 
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FORMAT AND PROCEDURES 


What has emerged is a publication in seven basic parts 
and, at present, 61 individual chapters. Part 1 deals with all 
the regulations governing class. Then, however, instead of 
going straight into the subject of hull construction, there 
now follows a Part covering materials and material testing, 
which brings together requirements previously scattered 
through the Rules. It covers materials for both ship and 
machinery construction and deals in sequence firstly with 
general requirements and then with the particular require- 
ments relating to steel plates, castings forgings, pipes and 
tubes and so forth, ending with a chapter on the approval 
of welding consumables. 

The next two parts, totalling 25 chapters, cover ship 
structures. Part 3 covers the basic philosophy—structural 
design, longitudinal strength, aft-end structures, super- 
structures and so forth. Part 4 brings together under 
separate chapter headings the requirements for specialized 
ships, for example, tugs, ferries, bulk carriers, oil tankers, 
container ships and several other types which need indi- 
vidual attention. In preparing the layout the objective has 
been to provide information in Part 4 in the most con- 
venient form to allow the designer to prepare a midship 
section for a specific ship type in the shortest possible time. 

Part 5 deals with machinery, both main and auxiliary. 
Its 17 chapters cover all the pertinent aspects including, for 
example, shaft vibration and alignment, piping systems for 
oil and chemical tankers, as well as the more fundamental 
subjects, such as the main types of propulsion system. 

Part 6 brings together the requirements of the specialized 
disciplines—automation and control systems, electrical 
equipment, refrigeration systems and fire prevention, sys- 
tems. Finally, Part 7 deals with those highly specialized 
vessels to which the format of the rest of the Rules cannot 
easily be applied: — nuclear vessels and, in due course, 
floating factories and the like. 

The Rules for small ships have been incorporated during 
this revision. The new layout gives the flexibility which will 
permit the later incorporation of new material or of exist- 
ing separate publications if thought desirable. 

This new structure effectively copes with the increasing 
interdependence of the various disciplines and yet separates 
them in a logical manner, making the Rules both more 
manageable and better adapted to respond to rapid changes 
in shipbuilding technology. However, the opportunity has 
also been taken to make other significant and useful modi- 
fications. These will also be applied to other Rule Books 
and similar publications as they become due for revision— 
in the field of offshore engineering and small craft (includ- 
ing yachts), for example. 

To start with, the numbering has been converted 
throughout to a decimalized notation system. Five sets of 
digits covering the divisions from Part to paragraph have 
been used, e.g. 2, 10, 3.3.1. The significance of each set of 
digits is given at the head of each column of the first page 
of each index. In the event of reference being made to the 
Rules, the full set of digits must be used, although, where 
one does not require to detail the paragraph or sub-section, 
these may be replaced by a line (dash). 


The text has been set in a more modern style and the 
format has also been converted to A4 size to conform with 
the international system which the Society has been adopt- 
ing over the years for its internal paperwork. The structure 
of chapters has been standardized as far as possible so that 
one will know where to look for similar information no 
matter what the subject. Indexing has been completely 
overhauled and is now presented in the form of a separate 
index for each of Parts 1, 2 and 5, a combined index for 
Parts 3 & 4, and separate indexes for each of the Chapters 
in Parts 6 and 7. This, it is believed, will give the most 
effective access by the user. 

But perhaps the most radical decision that has been taken 
is to abandon the bound volume and put the Rules into a 
loose-leaf binder, using a four-hole system. This has been 
done for a number of reasons. 

Firstly, it makes updating simpler and more effective; 
amendments will now be sent to subscribers every six 
months in the form of complete replacement pages. The 
superseded pages could be filed, if desired, in a separate 
binder for future reference, and it is recommended that 
Surveyors do so. 

Each page has a standard form of heading which 
includes the effective date of introduction or revision; 
these dates will be either January 1 or July 1 of each year, 
to implement a policy of six-monthly review and updating. 
The concept of a new Rule Book being published each 
calendar year disappears and is replaced by an ‘on-going’ 
publication. 

Secondly, the loose-leaf system has been adopted to 
enable both clients and Surveyors to build up useful work- 
ing files on selected subjects, avoiding the need to refer 
constantly to the main volume. The photocopier is now a 
universal tool. It is envisaged that a Surveyor might extract 
and copy pages of particular relevance to the job in hand 
and include them in a folder—with pertinent guidance 
notes from headquarters, correspondence with the client 
and with component manufacturers and his own notes on 
the job—which he can conveniently carry about with him. 
The client, too, will be able to equip his staff with similar 
folders, easing the ever-present problem of communication. 

Thirdly, the loose-leaf system also fits well with our 
intention to offer to subscribers an updating facility for 
the equivalent of our old Extracts. Initially we shall offer 
as ‘extracts’ each of Parts 1, 2 and 5, combined Parts 3 
and 4 and each of the chapters in Part 6 and 7. This will 
enable clients, as before to buy particular sections which 
are of special interest to them in their work—and to have 
an automatic update service. In course of time we may pos- 
sibly offer further ‘packages’ of extracts; this will depend 
on demand, but the flexibility to do so is there. 

Finally, and most important, adoption of the loose-leaf 
system will greatly improve the service of providing up-to- 
date Rule Books in languages other than English. Work on 
parallel 1978 editions in French, German and Spanish is 
well advanced and it is planned that, under the new system, 
these editions will be updated in step with the English 
edition. Consideration is now being given to the production 
of relevant Parts in other languages—yet another potential 
advantage of the restructuring. 

Each of the seven parts has a different colour code, 
which has been used on the plastic divider preceding the 
Part and is also used for the contents sheets of the Part 
and of the chapters therein. There is a contents sheet in 
front of each chapter and the date of coming into effect 
of each sub-section listed on the contents sheet will be 
shown. A summary sheet giving the current status of the 
Rule Book in the form of the dates relevant to each 
chapter precedes the text of the Rule Book. A replacement 


summary sheet will be issued with each set of amendments, 
that is, at six-monthly intervals, and, to ensure that the 
book is up-to-date, the user should check that the date on 
the title sheet of each chapter corresponds with that given 
on the summary sheet. The date of the summary sheet 
should be not more than six months in arrears of the 
particular time of use to ensure current validity of the 
Rules. Again it is suggested that the discarded summary 
sheets and chapter contents sheets be filed in a separate 
folder as they will then form a reference system which will 
identify precisely what Rules were in force at any point in 
time. 


a REGULATIONS 


The Regulations have been considerably re-written and 
re-organized into three chapters dealing respectively with 
the general regulations covering the conduct of the 
Society’s business, the classification regulations and the 
regulations applicable to periodical surveys. The aim has 
been a more logical presentation in wording which is more 
suited to modern usage and which clarifies points regarding 
which questions have been raised in recent years. 

The conditions for classification are clearly laid out in 
Part 1 Chapter 2 Section 1 and require that ships be built 
in accordance with the Society’s Rules and Regulations for 
both hull and machinery or requirements equivalent thereto 
before they may be assigned a class in the Register Book 
and will continue to be classed so long as they are found 
to be maintained in accordance with the Rules at the 
prescribed surveys. 


The most common class notation is that of *100A1 
which is held by approximately 50% of the classed fleet. 
In general this notation applies to ships suitable for the 
carriage of general cargoes capable of operating anywhere 
in the world. It is natural then that the Rules should be 
written largely around this type of ship with variations 
as appropriate, such variations being indicated as a classi- 
fication notation. Such notations may refer to ship type, 
cargo, special duties, special features or a service restric- 
tion. In order to qualify for a ship type notation it is a 
requirement that the ship complies with the published Rules 
for that type. Accordingly, class notations are now possible 
for all the ship types listed in Part 4. i.e. 1OOAI Bulk Car- 
rier and 100A1 Container Ship. For clarity the envisaged 
class notation is defined at the start of each chapter relating 
to a specific ship type. 

Attention is also drawn to certain technical characteristics 
which are not strictly classification matters but upon 
which the Society is willing to give advice in a consultative 
capacity. These are, stability, trim, vibration etc. It is also 
appropriate to mention other services closely related to 
classification which the Society can undertake upon request. 
The Committee, when authorised, will act on behalf of 
Governments in respect of National and International 
statutory safety and other requirements for passenger and 
cargo ships. It should be noted that ships built and main- 
tained in accordance with the Society’s Rules and Regula- 
tions possess adequate strength to satisfy the Load Line 
Convention. Another area of authorisation relates to Codes 
of Practice covered by I.M.C.O. When authorised the 
Society will issue certificates of compliance with I.M.C.O. 
codes relating to Chemical Tankers, Liquefied Gas Carriers, 
etc. 

The more notable features of the periodical survey 
regulations include the incorporation in the main text of 
the former provisional rules for in-water surveys and a 
much expanded section on the requirements for ships for 
liquefied gases. 


4 MATERIALS 

The practice of separating materials into those intended 
for ship construction and those intended for machinery 
construction has been discontinued. Instead, materials have 
been divided into specific types and product forms, facili- 
tating a more logical presentation without unnecessary 
repetition. 

The first chapter covering general requirements is in two 
sections: the first, dealing with the conditions for manu- 
facture, survey and certification, is basically similar in con- 
tent to the present Rules but has been written in more 
general terms so that it is applicable not only to steel 
products but also to all the other materials included in 
Part 2. In response to suggestions from industry, it includes 
a paragraph regarding information to be provided by the 
ship or engine builder when making arrangements for the 
supply of materials in accordance with the Rules. The 
second section is new and gives the requirements for the 
Quality Assurance Scheme for Materials. This is an alterna- 
tive system for survey and certification, fully in keeping 
with modern practices in the operation of which the 
Society is demanding very high standards. To date, only 6 
manufacturers have been specially approved and, although 
this limited experience has been satisfactory, these require- 
ments should be regarded as tentative and, if found neces- 
sary, revisions will be made as more experience is gained. 
The types of products to which this scheme is applicable 
have not been detailed but it is intended to restrict 
approval for the present to manufacturers of hull structural 
steels, aluminium alloy products and closed-die steel 
forgings. 

The chapter on mechanical testing procedures is an up- 
dated version of the present Rules to take account of 
unified requirements of the International Association of 
Classification Societies and amendments to the recom- 
mendations of the International Standards Organisation. It 
is the policy of the Society to adopt I.S.0. recommendations 
whenever possible; it will be noted, for example, that the 
definition for the yield stress for steel has been modified to 
align with a recent I.S.O. agreement, and a flanging test has 
now been introduced as an alternative to drift expanding 
tests for pipes and tubes. 

Chapter 3 is the first ‘product’ chapter and is an amalga- 
mation of the present P2, P3 and Q3 together with parts 
of Pl. A new feature of note is the inclusion of require- 
ments for special quality plate material which is resistant 
to lamellar tearing in welded constructions. Some practical 
problems have been encountered with this type of defect 
and it has been considered desirable to cater for this in the 
Rules. There has also been a limited increase in the use of 
austenitic stainless steels, particularly for bulk chemical 
carriers, and suitable requirements have been included. 
Although, at this time, only a few revisions have been 
made to the specific requirements for hull structural steels, 
it is likely that revised unified requirements for normal 
strength structural steel will soon necessitate further 
revisions. 

At present, in Section Q3, boiler and pressure vessel 
steels are divided into three categories, but this practice has 
been discontinued and replaced by the following arrange- 
ment: 


Section 4. Steels for Boilers and Pressure Vessels 
(present Category I and Ila steels) 

The requirements, including the yield or proof stress 
values at elevated temperatures, have been aligned exactly 
with I.S.0. 2604 ‘Steel Products for Pressure Purposes— 
Part IV Plates’ but provision has been made for the 
acceptance of steels to national or proprietary specifications 
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with different specified mechanical properties provided that, 
where necessary, these are proven by acceptance tests. The 
stress to rupture values are in accordance with the latest 
revision agreed by I.S.O. 


Section 5. Steels for Machinery Structures 
(present Category ilb steels) 


Suitable grades of hull structural steels are widely used 
for welded machinery structures and this practice has been 
recognised. 


Section 6. Ferritic Steels for Low Temperature Service 
(present Category IIf steels) 


Previously, only brief outline requirements were given 
for steels intended for low temperature service but the 
increasing use of such steels in marine applications and 
the publication of the 1.M.C.O./I.A.C.S. Gas Carrier Code 
has necessitated the introduction of detailed requirements. 
These have been aligned generally with the requirements of 
the above Code, relevant I.S.0. Standards and a draft 
Euronorm. 

Of particular note in the chapter dealing with steel cast- 
ings are changes concerning castings for crank-shafts, where 
the mechanical test requirements have been related to the 
specified minimum tensile strength and not as at present 
to the actual tensile strength. It will also be noted that an 
impact test requirement has been introduced for quality 
control purposes and that the provisional rules for repairs 
by welding, as presently given in Chapter R (H), have been 
incorporated as Rules. Specific requirements for the 
mechanical properties of propeller castings have now been 
included to align with the design requirements of Part 5 
and new requirements for ferritic and austenitic steel cast- 
ings intended for low temperature service have been 
included, aligned to current national standards and the 
requirements of the I.M.C.O./1I.A.C.S. Gas Carrier Code. 

Turning to forgings, it will be noted thai all forges will 
now be approved. Previously, the only requirement was 
that the steel used for forgings had to be made at an 
approved works. Now there will be a list of approved 
manufacturers of forgings. There has been substantial 
revision of the requirements for mechanical tests for forg- 
ings in order to align these with national specifications and 
with I.S.0. 2604 ‘Steel Products for Pressure Purposes— 
Part I Forgings.” Components which are subject to non- 
destructive examination for acceptance purposes have also 
been detailed in accordance with I.A.C.S. unified require- 
ments. Sections dealing with ferritic steel forgings for low 
temperature service and austenitic steels have been intro- 
duced to supplement the requirements of the I.M.C.O./ 
1.A.C.S. Gas Carrier Code. 

The chapter on steel pipes and tubes replaces Section Q7 
of the present Rules and has been expanded into separate 
sections giving specific requirements for seamless and weld- 
ed pipes, boiler and superheater tubes, ferritic steels for 
low temperature service and austenitic stainless steels. The 
revised requirements have, where possible, been aligned 
with 1.8.0. 2604 ‘Steels for Pressure Purposes—Part II 
Wrought Seamless Tubes and Part III Electric Resistance 
and Induction Welded Tubes.’ 

Reference to the three classes of pressure piping systems 
has been included to align with Part 5 Chapter 12 and, as 
in the case of forgings, all pipe and tube manufacturers will 
require to be approved by the Society, including works 
which do not manufacture steel. 

The section on ferritic steel pressure pipes for low 
temperature service is new and has been introduced because 
of the increasing use of steels suitable for low temperature 
service in liquefied gas carriers. The proposed requirements 


have been aligned with those given in I.S.0. 2604 and the 
requirements of the I.M.C.O./1.A.C.S. Gas Carrier Code. 

The chapter on iron castings replaces Q8 and the scope 
has been widened to include all types which, for classifica- 
tion purposes, require to be made under survey. The 
requirements are generally in accordance with the latest 
draft revisions of 1.8S.0./R185 for flake graphite iron cast- 
ings and I.S.0./R1083 for spheroidal or nodular graphite 
iron castings. 

The revisions concerning aluminium alloys are mainly of 
an editorial nature; the opportunity has been taken to 
adopt the I.A.C.S. unified dimensions for mechanical 
specimens. 

Section | of the chapter covering propeller castings is an 
edited version of Section Q9 of the present Rules. The 
requirements for chemical composition and mechanical 
properties have been amended to align with I.A.CS. 
Requirements and it will be noted that, for manganese 
bronzes, a recommendation is now included for a maxi- 
mum zine equivalent in addition to the requirement for 
metallographic examination. The dimensions for keel block 
type test samples are in accordance with a recently agreed 
unified requirement. The alterations in the severity zones 
for weld repairs are to align these with an I.A.C.S. Require- 
ment. Sections 2 and 3 dealing with copper alloy castings 
and tubes respectively have not previously been included in 
the Rules. As there are no international standards for 
products of this type the requirements are based on a 
review of appropriate national standards. 

The opportunity has been taken to clarify the require- 
ments for the testing of bar material and drop forgings 
intended for manufacture of welded stud link chain cable. 

In the final chapter of this Part, alterations have been 
made in the requirements covering the approval of con- 
sumables for welding higher tensile ship structural steels to 
align them with I.A.C.S. Unified Requirements. Sections 
have now been included to deal with the approval of con- 
sumables for welding the various types of carbon-manga- 
nese and alloy steels used in the construction of the cargo 
tanks for liquefied gas and bulk chemical carriers. 


5 SHIP STRUCTURES 
General 


A potential client wishing classification of his ship 
must plan to meet the Society’s requirements as given in 
the published Rules. It is therefore necessary that these 
should be as clear and concise as possible and yet of 
sufficient flexibility to allow him to operate successfully 
within his own commercial and technical constraints 
whilst at the same time meeting the Society’s minimum 
requirements for integrity and reliability. One of the diffi- 
culties facing the Society is the range of customer to be 
satisfied stretching as it does from the giant, sophisticated 
international shipbuilding consortium to the small ‘green 
field’ establishment to be found on the fringe of less 
developed shipbuilding industries. In addition the truly 
international basis of the Society’s business adds to the 
difficulty of communication and requires that the Rules be 
as simple and logical as possible. It has been noticeable in 
the comments of the Technical Committee during the past 
few years that the contributors from such countries as 
Japan, Sweden and Germany have been requesting more 
and more assessment of scantlings by direct calculation 
methods. 

In order to meet this demand for direct calculation 
techniques, in support of the Rules, it was necessary to 
establish a suitable auxiliary documentation system. The 
documents are in keeping with the Rules format and are 
split into two categories, those dealing with specific ship 


types being known as Ship Type Procedural Documents 
and those having more general application being known as 
Direct Calculation Procedural Documents. 

The task of the Ship Type Procedural Document is to 
identify the primary activities included in the design assess- 
ment of a specific ship type together with the resources 
necessary to complete each activity. Where direct calcula- 
tions are required the loads to be applied and the level of 
design criteria are presented. 

General areas of structural analysis e.g. double bottom 
grillage, are described in the Direct Calculation Procedural 
Document and can be applied to specific ship types as 
described in the Ship Type Procedural Decument. 

The development of this approach has enabled the 
Society to present a flexible solution across a very wide 
spectrum of technology. There are three levels of calcula- 
tion available to suit the complexity of any given require- 
ment. The first, basic level makes use of the Society’s Rules 
only and is applicable to many unsophisticated ship types. 
The second makes use of the Rules together with a limited 
amount of direct calculation using a desk-top computer. 
The third level utilizes the full capability of the main-frame 
computer and is suitable for the novel problems encounter- 
ed in the design and construction of advanced ship con- 
cepts, such as LNG carriers etc. 

It is important to note that direct calculation methods 
are not used as an alternative to the Rules, rather they 
complement and extend them in the task of ensuring the 
integrity of a structure, by reducing the unknowns as far 
as is practicable. 

In presenting the Rules for Ship Structures in two parts 
(Parts 3 and 4) the intention is that Part 3 deals with the 
general philosophy and those items common to all ship 
types, whilst Part 4 concentrates on the scantlings of the 
midship regions only for specific ship types. This was aimed 
at meeting the need of designers to prepare a midship 
section as quickly as possible to enable estimates of steel 
weight and costs for tenders to be made. This modular 
system of grouping also makes it easier to incorporate 
service experience arising from specific ship types without 
affecting other sections of the Rules. 

For convenience of identification and ease of amend- 
ment with minimum disturbance of text, the many 
formulae contained in Parts 3 and 4 have been incorpora- 
ted in tabular form whenever practicable. Since the 
formulae are also programmed for use on a desk-top com- 
puter, the tabular form will be generally compatible with 
output from such equipment. 


Materials 


Although material requirements are substantially dealt 
with in Part 2, the distribution of steel grades throughout 
the structure is dealt with in this section. The grades of 
steel to be used relate to the thickness of the material and 
the stress pattern associated with its location. This revised 
approach generally results in a slight relaxation of steel 
grade requirements with respect to the ships of shorter 
length where service experience has been. satisfactory. 
The presentation is also in line with that currently adopted 
by the L.A.C.S. working group on the strength of ships 
which is currently examining the possibility of unification 
of requirements with respect to steel grades. 

The grade requirements for steel exposed to temperatures 
below 0°C in refrigerated spaces has been brought into line 
with the requirements for liquefied gas carriers. 


Structural Design 


Opportunity has been taken to rationalise the nomen- 
clature in common use and to standardise wherever possible 


on definitions. For all ships the midship region is defined 
as 0.4L amidships whilst the forward and aft terminals for 
taper have been standardised at 0.75L from the F.P. and 
A.P. respectively. Symbols have been chosen to conform 
in general with the standards laid down by the Inter- 
national Ship Structures Congress with a view to establish- 
ing compatibility with all technical documentation produced 
by the Society and industry in general, i.e. technical reports, 
program manuals, etc. A start has been made in Table 
3.4.1. to provide the designer with the design loading for 
many components in a more specific manner than pre- 
viously when these tended to be obscured in the formula- 
tion for scantlings. It is expected that this principle will be 
developed and expanded in the future. 


Longitudinal Strength 

The midship section modulus requirements are now 
given in a more rational way by consideration of the two 
primary components of vertical bending i.e. still water 
bending moment and wave bending moment in association 
with a permissible stress level. The wave bending moment 
given is that associated with the notation 100A1 unrestricted 
service and is derived from the wind and wave statistics 
relevant to operation in the North Atlantic. 

Where a restricted service notation is required then the 
appropriate wave data for the area under consideration 
can be used to derive a design wave bending moment 
which will ensure a comparable level of integrity for the 
structure. 

Whilst this chapter deals with longitudinal strength 
in general, there are two types of ship which produce 
responses other than low frequency wave bending which 
have to be taken into account in the assessment of primary 
longitudinal strength. The first of these is container ships, 
or similar, where the deck openings are of such a magnitude 
that warping stresses, due to torsion, must be calculated 
and accommodated. Such calculations are detailed in Part 
4 Chapter 8—Containerships, where a procedure for com- 
bining all the stress components along the length of the 
ship is illustrated in Fig. 8.3.2. 

A more recent phenomenon has been the very high 
transient wave bending moments which may be induced 
in certain relatively high speed cargo ships having ex- 
aggerated flare forward. Ships falling into this category 
are defined in Part 4 Chapter | Section 3, together with 
the appropriate reinforcements to be incorporated. 

Finally, it should be noted that there is an LA.CS. 
agreed minimum modulus for seagoing ships which may 
be the controlling factor in many cases. 


Ship Control Systems (3.13) 


A new section dealing with the scantling requirements 
for fixed and steering nozzles is provided. The application 
of this section is restricted to relatively small installations 
as determined by the nozzle numeral. Nozzles for applica- 
tion to sea-going vessels will normally be assessed by 
direct calculation from first principles. 


Ship Types 

Whilst it was originally intended that each Chapter of 
Part 4 should be as independent as possible, it was found 
that the repetition of information so incurred would have 
been such as to make the size of the Rules impracticable. 
Many of the ship types included have evolved naturally 
from the General Cargo Ship and many of the Rules 
derived for the general cargo ship are equally applicable 
to ferries, bulk carriers, container ships, etc. In consequence, 
reference to Chapter 1 is frequently made in Chapters 2 


3, 4, 5, 6, 8 and 12 where the emphasis is on those aspects 


which set the other ship types apart from the general cargo 
ship. 

The Oil Tanker has always been recognised as a special 
type and has long enjoyed the advantage of a completely 
independent set of Rules and this approach is continued 
in Chapter 9. The previous Provisional Rules for Chemical 
Tankers have now been re-written to reflect current de- 
velopments in this recently expanded trade and are in- 
corporated in Chapter 10 where reference is also made to 
Chapter 9 Oil Tankers in view of the many similarities 
between these two types. 

As previously stated the most significant change with 
respect to Part 4 relates to the provision of separate Rules 
for Bulk Carriers and Container Ships. The scantling 
requirements for topside and hopper side tank structure 
in bulk carriers are now clearly given in greater detail 
than previously. Direct calculations are also introduced 
as a classification requirement for confirmation of the 
double bottom scantlings when heavy cargoes are carried 
with specified or alternate holds empty. 

Direct calculations are also very much a part of the 
appraisal of container ships which require an assessment 
of the hull section moduli and inertia calculations for a 
minimum of seven sections in way of the container holds. 
In many cases a grillage calculation will also be required 
in order to verify the adequacy of the double bottom, 
bulkhead and side shell scantlings and arrangements. 

The presentation of the Oil Tanker Rules reflects the 
abandonment of the primary longitudinal girder and the 
adoption of primary transverse stiffening where fewer and 
larger tanks are fitted. The importance of good structural 
details is also recognised by the inclusion of specific design 
criteria for the connections of longitudinals to primary 
members. The extensive use of direct calculations for the 
determination of primary member scantlings for many 
tankers is also given due prominence. 


6 MACHINERY COMPONENTS 


The general requirements for the design and construction 
of machinery have been brought together in the opening 
chapter of Part 5 and most of what was previously in 
Chapter G and HI will now be found here, including the 
requirements for the certification of batch and line pro- 
duced machinery. 

Some rounding-off of S.I. units has been done through- 
out Part 5 and a certain amount of consequential adjust- 
ment of formulae has been made to ensure that require- 
ments are not significantly changed. The formulae have 
also been adjusted to take account of the change from 430 
to 400 N/mm? as the basic material around which the 
formulae are constructed. In S.1. units shaft power is given 
in kW whereas, for metric units, metric horsepower is used. 
To avoid confusion, particularly where formulae produce 
results of the same dimension in the same units whichever 
formulae is used, different symbols have been used for 
power in S.I. units and metric units respectively. At the same 
time, the opportunity has been taken to bring the symbols 
into accord with 1.8.0. Recommendation R31, Part 3 of 
December 1970 by using the symbol capital P for power in 
S.f. units and the symbol little p for pressure. The symbol 
capital H has been retained for power in metric units. 
The use of the symbol little p for pressure also accords 
with the use in the hull Parts of the standard technical 
symbols of the International Ship Structures Congress. 

Since the formulae for scantlings are based upon the 
specified minimum tensile strengths of materials, only 
these have now been quoted in Part 5. The ranges of 
tensile strength acceptable within particular specifications 


only occur now in Part 2 (Materials). It is believed that 
this new policy will, in future, avoid confusion and any 
anomalies. To facilitate the unification of requirements, 
1.A.C.S. has produced a table of preferred minimum tensile 
strength values. For example, for carbon steels, these are 
in advancing increments of 40 N/mm’, that is, 360, 400, 
440, 480, etc. Adjustments have been made throughout 
Part 5 to implement these proposals. 

In the chapter on oil engines, a table listing the tests 
required on important components, as agreed by the 
1.A.C.S. Working Party on engines has been included in 
what is now a more self-contained chapter. The revision of 
the requirements for steam and gas turbines, given separ- 
ately, are mainly editorial but some technical amendments 
have been made in the light of experience gained since the 
last major revision of these Rules. 


The policy of giving greater emphasis to standards of 
accuracy and more comprehensive testing during produc- 
tion has been continued in a number of amendments to the 
chapter on gearing. 

The basic diameters of the main propulsion shafting are 
now based on the mean transmission torque only, with the 
proviso that the Rule minimum diameters may require 
modifications as a result of consideration of alignment, 
vibration characteristics and stress raisers. The same con- 
sideration applies to the requirement for coupling bolts. 
The requirements for the minimum thickness of flanges 
have also been revised to accord with I.A.C.S. recom- 
mendations. 


There is an important change in relation to screw-shafts 
carrying keyless propellers, or where the propellers are 
attached to flanges, where allowance is now made for 
higher strength material up to a specified minimum tensile 
strength of 600 N/mm‘*. 

Requirements for the fitting of keyless propellers have 
been added. Separate sub-sections deal with the formulae 
for propellers using the oil shrink method of fitting and 
those involving dry fitting with a cast iron sleeve. A further 
section deals with shop tests of bedding, final fitting and 
the marking required on the assembly. Particular attention 
is drawn to the requirement that a copy of the fitting curve 
relative to temperature and means for determining any sub- 
sequent movement are to be placed on board. 


All the Rules relating to shaft vibration and alignment 
have been brought together in one chapter, including the 
limits for torsional vibratory stress and torque which were 
formerly contained in Chapter R (E), Section 1, with the 
guidance notes (R (E), Section 2) on the calculation of 
torsional vibration characteristics as an appendix to the 
chapter. 

The existence of two groups of pressure vessels for which 
the design considerations are, in general, different has been 
recognised by creating two chapters, 10 and 11, dealing 
respectively with steam raising plant and associated pres- 
sure vessels on one hand and other pressure vessels, e.g. air 
receivers, on the other. There are only limited technical 
amendments in these chapters. 

The following parts of the Rules, Chapter E (Pumping 
and Piping), Sections 1 to 11, Chapter R (B) (Provisional 
Rules for Plastic Pipes), Chapter R (D) (Guidance Notes 
for Metal Pipes for Water Services) and Chapter R (J) 
(Provisional Rules for the Classification of Tankers intend- 
ed for the Carriage of Liquid Chemicals in Bulk), Part 2, 
Section 7, Part 3 and Part 4 have been re-drafted and includ- 
ed in four chapters of Part 5, namely, Chapters 12 to 15 
inclusive. Opportunity has been taken to include technical 
changes in the light of present practice, I1.A.C.S. unified 
requirements and I.M.C.O. recommendations. 
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The design requirements chapter, covering both ferrous 
and non-ferrous piping systems, now comprises three classes 
(1, 2 and 3) related to the service for which the piping 
system is intended, the design pressure and temperature 
conditions and the testing of material. Also new is 
reference to the use of spheroidal or nodular graphite cast 
iron and grey cast iron and information is included on the 
pressure and temperature limitations and quality of cast- 
ings. In formulating the Rules for hydraulic tests on pipes 
and fittings, account has been taken of the unified require- 
ments of I.A.C.S. Among the matters which are now dealt 
with more fully are formulae for determining pipe scant- 
lings, minimum pipe wall thicknesses, methods of connect- 
ing pipes and allowable stresses for carbon, carbon- 
manganese and low alloy steel as well as copper and copper 
alloy pipes. 

The separation into ship and machinery piping systems 
and the consequent concentration on piping systems accord- 
ing to their use should provide easier access for the user. 
Having covered in these chapters the systems in general 
use, a separate chapter has then been devoted to the 
special requirements of the cargo carrying sections of oil 
and chemical tankers. 

The requirements for fusion welding of machinery items 
and pressure vessels contained in Chapters E, H and J of 
the present Rules have been brought together in the final 
chapter of Part 5. This is where the requirements for the 
various classes of pressure vessel welding will now be 
found. The list of approved firms will be appended to this 
chapter. 

It was found unnecessary to make any substantial tech- 
nical amendment to the Rules for Control Engineering 
Systems and Electrical Equipment and Electric Propelling 
Machinery. These chapters, editorially updated, have 
become Chapters 1 and 2 respectively of Part 6. 

Chapter 3 of Part 6, which deals with refrigerated cargo 
installations is one of the major revisions and has been 
undertaken to take account of the many changes in marine 
refrigeration engineering technology that have taken place 
in recent years. It should be noted that it was adjudged 
desirable to advance the effective date of these revisions 
and the substance of them was issued as a Notice to the 
1976 Rules. 

The basic principles of classification, whereby plans of 
the refrigerating machinery and equipment, insulation of 
chambers and arrangements, be submitted for approval and 
the installation be constructed, installed and tested to the 
Surveyor’s satisfaction, remain unchanged. 

Further, the general requirement that a _ refrigerated 
cargo installation has, by calculation and by actual tests, 
the capability of maintaining a refrigerated cargo at the 
minimum temperatures assigned with the maximum sea 
temperatures approved, with one refrigerating unit as a 
‘stand-by’, remains unaltered. 

Requirements that have been omitted relate to CO, 
systems, steam and diesel engines driving compressors, 
insulation arrangements in way of coal bunkers, etc., which 
have been outdated. 

Rules for new construction have been revised and include 
(inter alia) alternative means other than hot dip galvaniz- 
ing, of protecting brine piping against the effects of corro- 
sion; new methods of insulating chambers including the use 
of new insulants; omission of permanent battens in in- 
sulated holds when a refrigerated vessel is designed pri- 
marily to carry fruit cargoes; the pressure at which com- 
ponents and the installation is required to be tested and the 
methods of testing. 

Additions to the Rules include sections related to con- 
tainer ships with refrigerating installations to supply 


refrigerated air to containers, also refrigerating and 
reliquefaction plant on board liquefied gas ships. 

The requirements for periodical surveys and the period 
between RMS surveys have been revised. Opening out 
modern refrigerating machinery for survey, because of the 
finer clearances involved, increasingly hazards the efficient 
working of the installation due to possible ingress of 
moisture and contamination into the system. 

The Rules for periodical surveys have therefore been 
revised so that refrigerated cargo installations are surveyed 
under working conditions annually and the period between 
opening out the plant for survey for most items is extended 
to four years. For screw compressors this period may be 
extended to 6 years, provided the running hours during 
the period do not exceed 25,000. 

Where there is a programme of replacement instead of 
surveys on board, alternative survey arrangements will be 
considered. 

Part 6, Chapter 4 takes the place of the previous 
Chapter F for protection, detection and extinction. It has 
been based on the 1960 S.O.L.A.S. and the layout is the 
same in order to facilitate comparison with that convention. 
The 1974 S.0.L.A.S. has not been used, generally, since it 
is anticipated some considerable time will elapse before 
ratification by the requisite number of countries to make it 
mandatory. However, requirements for types of ships not 
specifically covered by the 1960 S.O.L.A.S. have been 
included. 

The requirements for passenger ships carrying motor 
vehicles with fuel in their tanks for their own propulsion 
are based on the 1974 S.O.L.A.S., whereas cargo ships for 
the same purpose are dealt with according to an I.A.C.S. 
Unified Requirement. The requirements for oil tankers and 
combination carriers are based on the I.M.C.O. Resolution 
A271 (VILL, the regulations for which have been incor- 
porated into the 1974 S.O.L.A:S. 

Requirements for ships carrying liquid chemicals in bulk 
based on the I.M.C.O. Code for the Construction and 
Equipment of Ships Carrying Dangerous Chemicals in 


Bulk, with amendments 1 to 4, have been added. Part 4, 
Chapter 10 and Part 5, Chapter 15 contain tables of such 
chemicals setting forth, inter alia, whether they constitute 
a fire hazard. This chapter includes a table giving the fire- 
fighting media which are suitable for dealing with those 
hazards. 

Part 7 at present consists of one chapter, dealing with 
nuclear ships, the technical content of which is unchanged. 


7 FUTURE DEVELOPMENTS 


What was achieved during the present revision was very 
much constrained by the resources and time available. 
Rule Development still continues on many fronts of which 
Rules for Concrete Ships and revision of ice strengthening 
requirements for arctic conditions are but two. 

At the same time the importance of Instructions to 
Surveyors as an adjunct to the Rules is fully recognised and 
revision of these on the basis of a format compatible with 
the Rules is already in hand. 

Allied with these developments is the enormous task of 
cross-referencing, indexing and compilation of such related 
text. The application of computer systems in this task is 
currently being investigated. 

The published Rules represent the embodiment of the 
collective technical knowledge and experience of the 
Society and, as such, should be dynamic, responding to 
changes in our knowledge and experience with time. In 
consequence, considerable work still remains to be done but 
it is considered that what has been achieved at this time is 
the establishment of the correct vehicle and mechanism for 
carrying out such changes in a practical and economic 
time-scale. 
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1 INTRODUCTION 


It is not widely known that Lloyd’s Register Surveyors have 
been surveying and testing refrigerated stores for over 
seventy years. 

By 1913, an agreement between the Institute of London 
Underwriters and the Society, required the periodical inspec- 
tion of all refrigerated stores on their Approved List to be 
undertaken by the Society’s Surveyors, although the number 
of stores involved was not great. 

By 1934, about 280000 m*, of land based refrigerated 
storage space was classed by the Society in several countries 
and the total volume of classed stores approached 1 400 000 
m’, by the early sixties. 

However, in the past decade, the increase in numbers and 
volume of refrigerated stores classed with the Society has been 
most encouraging and reference to (Fig. 1) clearly shows the 
rate of growth. 
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Growth in number and volume of refrigerated store 
installations classed since 1950 


By the end of 1977 the total volume of classed refrigerated 
stores exceeded 5 million m* and were sited in 14 countries 
as far apart as Sundsvall, Sweden, in the Northand Melbourne, 
Australia, in the South. 

The demand for frozen and chilled foods, world-wide, is 
increasing yearly and this trend is likely to continue. Conse- 
quently, an increasing number of Surveyors may be called 
upon in the future to survey and test refrigerated store 
installations and equipment during construction, or in service. 

Some Surveyors may have only a limited knowledge in this 
field, so this paper has been prepared with these Surveyors in 
mind, and while it is not possible to cover all facets of the 
subject in a single paper, the more important ones related to 
classification of refrigerated stores, are included. 


2 TYPES OF REFRIGERATED STORES 


Refrigerated Stores are required to provide storage space 
for a wide range of goods, mostly food produce, that may 
require to be stored for several months, or for only a number 
of hours, at a specified temperature. 

There are few retail outlets selling meat, fish or dairy 
products that do not have their own cold storage facilities, but 
the Society’s classification of refrigerated stores, while not 


confined to stores above a limiting size, has not been requested 
for a store having a volume below 500 m*. 

The larger stores are designed to provide refrigerated 
facilities in what are known as: 


A. ‘PRODUCTION’ warehouses. 
B. ‘LONG-TERM’ warehouses. 
Cc. ‘DISTRIBUTION’ or ‘TRANSIT’ warehouses. 


A. ‘Production’ warehouses are associated with the quick 
frozen food industry and are usually sited in a rural area 
or close to a fishing harbour. 

B. ‘Long-Term’ warehouses, as the name implies, provide 
multi-purpose facilities where goods are stored for 
several months before being shipped to their destination. 
They are usually built in open country but close to road 
and rail transport links and some are very large, the 
largest classed having 10 rooms with a total volume of 
205 440 m*. 

C. ‘Distribution’ or ‘Transit’ warehouses are generally found 
in urban areas and serve retail shops, supermarkets or 
commercial centres. This type of store receives goods 
from the production or long-term warehouses in large 
loads for storage periods varying from one to several 
weeks. 


The modern refrigerated stores that are classed with the 
Society are generally designed with several separate refriger- 
ated spaces and a combination of the above types of storage 
facility are often catered for in the one complex. 

The temperature at which frozen food produce is stored is 
directly related to the length of time it can be stored without 
a marked deterioration in its condition when unfrozen. (See 
Figs. 2 and 3). In view of this, production and long-term 
storage spaces are usually kept at a temperature in the range 
minus 25°C to minus 30°C. 
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Recommended maximum period stored related to 
temperature of store for three common products 


Distribution storage facilities are normally maintained at 
minus 18°C to minus 20°C but this type of storage space 
generally requires considerably greater refrigerating capacity 
than an equal volume long-term storage space. 

Many of the older type stores are multi-storey with a 
number of chambers on each of several floor levels. From a 
refrigeration aspect they have an advantage over the single 
floor store, for the total heat ingress into the store through the 
insulation is reduced when the total storage space forms a 
cube, the ratio, surface to volume, being at a minimum. The 
ground area occupied by the building is relatively small with 
regard to volume and this type of store is found in districts 
where land is expensive. 
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Examples of quality loss during storage life of cod fillets 


However, several disadvantages arise with the above design 
of store, for the multi-storey store not only requires each floor 
to be capable of supporting a high load per unit area but the 
loading of each floor is superimposed on the foundations. 
Heavy framework of pillars and beams at each floor level is 
inconvenient for efficient storage and the necessity to transfer 
goods from one floor to another with lifts or ramps is an 
expensive exercise. 

The single-storey store provides several advantages when 
compared with the multi-storey type and because most 
modern stores are single-storey it is proposed to discuss their 
design and construction in greater detail in the following 
section. 


3. THE GENERAL DESIGN OF BUILDINGS AND 
INSULATION ARRANGEMENTS 


The single-storey refrigerated store is primarily designed as 
a storage area capable of carrying a high load per unit area 
and is ideal for the stacking of pallets by forklift trucks. 

The wall and roof constructions can be made lighter since 
they do not support other floors loaded with goods. Further, 
the span between the sides can be increased considerably 
without the inconvenience of pillars, and the height of the roof 
can be designed to allow stacking of special self-supporting 
pallets stacked up to six high. 

The disadvantages are the large ground area covered and 
the somewhat high surface to volume ratio, but these are 
outweighed by the many advantages. 

The single-storey store is ideal for prefabrication and 
modular construction, and this type is being constructed 
increasingly Overseas. 

When selecting a site for a refrigerated store complex, the 
prudent owner invariably purchases a site covering an area at 
least twice the size of the initial storage area, to permit 
expansion in the future. 

Once the general layout of the store has been established, 
which may envisage several phases, to be completed progres- 
sively over a period of a number of years, the choice of con- 
struction is decided. 

The floor will almost certainly be of reinforced concrete, of 
either solid form, or designed to have an air space between 
the underside of the floor and the ground. 

The floor of a low temperature store in direct contact with 
the ground would gradually remove heat from the subsoil 
under the floor and this would attract water vapour which 
would freeze. As the ice built up over a period, it would lift 
the floor, and this phenomenon is known as ‘frost-heave.’ 


To prevent this happening, stores built with solid floors are 
fitted with a heat mat which is sandwiched below the insulation 
and above the main structural concrete foundation slab and 
should extend over the whole of the floor area. 

The heat is provided by circulating a warm fluid such as 
glycol through coils, or by means of electric cables. 

The underfloor heating is usually thermostatically con- 


trolled and designed to provide adequate, but not an excess of 


heat, to prevent the earth or subsoil temperature dropping 
below about 5°C to 10°C. 

The coils, or electric cables, should be positioned so that 
failure of one circuit will not render a large area of floor 
unprotected and the ideal is to have straight circuits from one 
side to the other, connected to an accessible header or electric 
ring main. 

Where an air gap is provided between the insulation and the 
ground, this should be sufficient to prevent ice forming on the 
underside of the floor, and the correct width of this space is 
dependent on the floor area and the minimum temperature 
that can be anticipated. (See Fig. 4). 
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Refrigerated store during construction showing air gap 
between floor and ground 


The sides and roof of the store are usually formed by a 
framework of steel sections which can be prefabricated in a 
factory, transported to site in sections, and quickly erected. 

A variation of this type of construction uses reinforced 
concrete for the side pillars which support the steel fabricated 
roof trusses. 

Corrugated aluminium or plastic coated steel sheeting, 
asbestos, or precast concrete panels, are generally used for 
exterior side surfaces although some users and some local 
authorities insist on more conventional materials such as case 
bricks, concrete or cement blocks rendered with a cement 
facing. 

The selection of the exterior material will also be dictated 
by the method of insulation it is intended to use. For example, 
whether the insulation is to be applied to the surface of the 
weather-proof covering after this has been erected or whether 
prefabricated panels of insulation are being used. 

In some countries, the degree of fire resistance required by 
regulations for the building structure can also dictate the 
material selected. 

The ceiling of the cold room can either be suspended from 
the building framework or placed on top of it. With single- 
storey buildings the roof usually has a double slope and the 
weather-tightness of the finished surface is of paramount 
importance. This can take the form of corrugated or flat 


material attached to the building frame or directly to the 
insulation, if this is on top of the frame. (See Figs. 5 and 6). 

It should be emphasised at this stage that the Society’s 
classification does not cover the civil engineering aspects of 
the store. 

In the United Kingdom, and in many industrial countries, 
there are National or local building regulations covering 
design parameters, materials, and the standard of workman- 
ship, so it is generally assumed that these important aspects 
of the store will be of a high standard. 
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Panel-built refrigerated store with external structure 


+4. Prefabricated insulation panel, complete 
Le with external finish and vapour barrier 
and internal cladding 
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Panel-built refrigerated store with internal structure 


In some overseas countries there may be no regulations 
governing the construction of the building and a Surveyor 
attending the site may observe what, in his opinion, represents 
a lower standard than is desirable. 

If this situation should occur and the Surveyor considers 
that the safety or efficiency of the store could be seriously 
impaired, unless the defect or poor workmanship is rectified, 
then he should notify headquarters. 

The Society’s reputation could be affected if, due to sub- 
standard civil engineering work, defects developed later which 
reduced the refrigerating capacity of the store and resulted in 
the class of the store being suspended, or the temperature 
notation being amended. 

It is generally accepted that when the insulation of the 
storage spaces is efficiently applied, the refrigerating aspects 
of the store will also be efficient. 
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Refrigerated store nearing completion 


The insulation work is usually carried out by a sub- 
contractor and if a high percentage of local unskilled labour 
is employed, this places a greater responsibility on the Surveyor 
to ensure that the workmanship is of an acceptable standard. 

The choice of insulating materials and the method of use 
are also of particular importance. 

Good insulation will obviate heat bridges which, apart from 
a loss of cold can, through condensation and frost, provoke 
deteriorations to the building and the insulation. 

In large single-storey refrigerated stores, division of the 
total area into separate rooms is usually achieved by using 
self-supporting insulated partitions, which can be arranged 
up to 10 metres high. 

Because of the great number of insulating materials used it 
is not intended to conduct a critical study of these materials. 

For use in refrigerated stores, these materials must, apart 
from a satisfactory thermal conductivity coefficient, possess 
certain qualities to an acceptable standard. 

These are:— 


(1) impermeable to water vapour; 

(2) low linear shrinkage; 

(3) odourless; 

(4) anti-rot; 

(5) vermin resistant; 

(6) fire resistant. 

A low specific weight is essential if the material has to be 

suspended from ceilings, as is a good resistance to compression 
where it is used as a floor insulation. 


The most commonly used insulants are: expanded cork, 
synthetic insulants of mineral origin (glass fibre is the best 
known), or the series of plastic materials (polystyrene, 
polyurethane, polyvinyl, etc.). 

The floors of refrigerated stores are commonly insulated 
using polyurethane, extruded polystyrene or foamglass and, 
very occasionally, cork slab. The walls and ceilings are motsly 
clad in polystyrene or polyurethane and in some cases glass 
fibre. 

The practical coefficient of conductivity is largely a function 
of the amount of moisture held by the insulant and it is, 
therefore, essential to avoid water being trapped inside it. A 
vapour barrier should be incorporated on the warm side of 
the insulant to prevent ingress of water vapour. With the 
increasing use of prefabricated panel techniques a metal 
surface is used both outside and inside, the outer metal panel 
being an efficient water vapour barrier and a metal inner 
covering provides mechanical and fire protection. 

There are three forms of vapour barrier and these are:— 

(1) watertight surfaces of preformed insulation panels 
reinforced plastic materials, aluminium, galvanized 
steel, etc; 

(2) membranes, (metal sheet, laminated sheet, bitumen 
paper, plastic films or sheets); 

(3) surface preparation: fluid or semi-fluid mastics with 
an asphalt, resin or polymer base. 

Whatever the type of material used, some general principles 
have to be observed in applying a vapour barrier: 

(1) They must always be placed on the warm side of the 
insulant. 

(2) Whatever form of vapour barriers may be used, they 
must be able to withstand expansion and contraction 
in all directions without creating any cracks for the 
entry of water vapour. 

(3) When a membrane type barrier is used, ideally, all 
joints or seals must be overlapped or their vapour 
tightness made equal to the membrane. 

Watertight barriers or surfaces must have complete con- 
tinuity along walls, under floors and over ceilings and all 
joints must be given careful attention. 

To prevent direct contact of the goods with the walls, 
timber dunnage is attached to the inside face of the finished 
insulation. In addition, or alternatively, at the junction 
between the floor and the walls, a curb is arranged in concrete 
or other materials, so that the first pallet to be placed on the 
floor is kept free of the walls and subsequent pallets are stacked 
on top of this. The object of the timber battens is not only to 
keep the product off the wall surfaces and, therefore, protect 
it, but in addition make sure that a gap is left for air circula- 
tion. Where high pallet stacks are involved, it is only the 
topmost pallets that may lean against the battens if curbs are 
fitted, and the battens may only be fitted to the upper side 
surfaces. 

The piping carrying refrigerant on the low pressure side, or 
other liquids at low temperature, must be insulated. Typical 
materials that can be used for this purpose are polystyrene, 
extruded polystyrene, polyurethane, PVC, cork, etc. The 
provision of a very efficient vapour barrier on the outside of 
the finished insulation with joints carefully sealed is of the 
utmost importance, as water vapour penetrating the insulation 
will form ice on the pipe surface and gradually push off the 
insulation materials. 

The thickness of insulation depends upon internal tempera- 
ture, heat conductivity of the insulating material and the dew 
point of the ambient air, in order to avoid condensation of 
humidity. 

Doors of refrigerated stores where forklift trucks are 
operated are normally horizontal sliding automatic doors. 
The automatic doors have either an electrical, pneumatic or 
hydraulic mechanism. 
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To protect the doorway and the door from damage, special 
guards are fitted on both the outside and on the inside. 

Further, the doorway itself should be protected by strong 
metal cladding and the floor in the doorway is often heated to 
avoid ice formation. 

In large store rooms, emergency exits, strategically located, 
should be provided. 

The thickness of the insulation and related refrigerating 
capacity, are carefully considered to obtain the correct balance 
between initial capital investment and energy costs to maintain 
the required temperature(s) in the warehouse(s). 

It is now proving economically attractive to increase the 
thickness of the insulated boundary surrounding refrigerated 
spaces above that which has been the accepted norm. The 
additional initial capital expenditure required can be recovered 
in a progressively shorter period, due to the reduction in total 
energy used, the unit cost of which continues to rise. 


t REFRIGERATING PLANT COMPONENTS 


Of the many substances used to produce refrigeration by 
its vaporization, and known as Refrigerants, only four are 
used as primary refrigerants in classed refrigerated stores. 

These are: 

AMMONIA, referred to as R717, also 

The halo-carbon refrigerants: 

DICHLORODIFLUOROMETHANE, 
R12, and 


referred to as 


MONOCHLORODIFLUOROMETHANE, referred to 
as R22, 
and R502 (an azeotropic mixture of 48.8°% R22 and 51.2%, 
R115) which is being used in an increasing number of instal- 
lations. 

Although Ammonia (R717) is rarely used in marine refrig- 
erated cargo installations, it is used extensively in refrigerated 
store installations, particularly when a large refrigerating 
capacity is required, and while R12 is used in many existing 
stores, R22 has virtually replaced R12 for new installations. 

For further information concerning these refrigerants see 
Reference 1. 


(A) 


Reciprocating type 

Over the years, the ratio, refrigerating capacity to weight of 
reciprocating refrigerant compressor of equivalent swept 
volume, has decreased to a level when it is generally accepted 
that the limit has been reached. 

The availability of halo-carbon refrigerants has encouraged 
the use of higher speed machines and multi-cylinder machines 
having cylinders arranged in the ‘V’ or ‘W’ configuration and 
operating with piston speeds of up to 380 metres/min. and 
with up to four connecting rods actuated from the same crank 
pin revolving at up to 1750 R.P.M. are not uncommon. 

The use of multi-cylinder compressors designed with their 
cylinders in the ‘V’ or ‘W’ formation, has resulted in better 
balanced compressors with less torque variation, although a 


Refrigerant Compressors 
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Semi-hermetic—3 cylinder (In-line) compressor 
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large proportion of refrigerant compressors are still manu- 
factured with their cylinders in line. 

Several manufacturers of refrigerating machinery have 
designed multi-cylinder compressors operating with a two- 
stage compression cycle, but in large installations, especially 
those with very low room temperatures, independent com- 
pressors for high and low pressure application are generally 
employed. 

Capacity control is achieved by using a stop-start method, 
or by eliminating the action of various cylinders. This latter 
Operation is effected by preventing the suction valves associ- 
ated with a particular cylinder from seating and such devices 
are often actuated by lubricating oil pressure which ensures 
that the compressor starts in the unloaded condition. 

Semi-hermetic compressors are often used for small instal- 
lations, and although in the past they have been confined to 
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low capacity plant, each compressor having less than 10 
kilowatt output, new models are being designed with con- 
siderably higher outputs and this tendency is expected to 
continue. (See Fig. 8). 


Screw Compressors 

Development and use of the screw displacement compressor 
during the past decade has been intensive, the absence of 
automatic suction and delivery valves and out-of-balance 
masses, resulting in a high degree of reliability. 

The screw displacement compressor, developed from the 
‘Lysholm’ compressor, and consisting of two helically fluted 
rotors, the male rotor normally having four lobes and the 
female rotor having six, requires to be constructed with close 
tolerances and usually operates at male rotor speeds in excess 
of 3000 R.P.M. (See Fig. 9). 


Suction side 
Female rotor 
Male rotor 
Plain radial bearing, outlet end 
Thrust bearing 

Balancing piston 

Sliding valve actuating piston 
Control cylinder 

Plain radial bearing, inlet end 
Shaft seal 


Discharge side 
Unloading spring 
Oil pump 
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Twin rotor screw compressor 


Capacity control, gas return port 


Compressor capacity control is obtained by the operation 
of a by-pass sleeve valve which permits high pressure gas to 
return to the suction duct and continuous control down to 
about 10°, of maximum capacity is possible. 

Many large installations completed recently, and several 
under construction, are fitted with screw compressors and 
increasing numbers will doubtless be used in the future. 

Careful attention must be given to lubricating oil separation 
when screw compressors are used, as a relatively large quantity 
of oil is normally required to be injected between the lobes for 
effective sealing, cooling and lubrication, and this must be 
recovered before the refrigerant vapour into the 
condenser. 


Passes 


In view of the high rotating speeds and fine tolerances of 
screw compressors it is imperative that correct alignment 
between driving motor and driven rotor is maintained. 

Recently a single screw type compressor has been installed 
in a classed refrigerated store and the numbers of this type of 
compressor in use in the future could be considerable. (See 


Fig. 10). 


(B) 


The efficiency of the condenser depends on the cleanli- 
ness of the refrigerant side of the exchanger surface. Oil and 
non-condensable gas must be eliminated from within the 


Condensers 


circuit. Except in the case of dry-piston compressors, appreci- 
able quantities of lubricants are drawn into and deposited in 
the heat exchangers (condensers, evaporators). Carefully 
positioned oil separators and purge points are therefore 
indispensable. Non-condensable gases, consisting mainly of 
air, can be drawn off with the aid of a purge and also by 
regular venting; the purging is indispensable when a new 
system has been put into operation or following maintenance 
of the installation. Filters should be installed in liquid lines 
and suction headers to rid the circuit of impurities existing in 
new pipe lines. 

A number of condensers or a single condenser divided into 
separate circuits has to be provided. 


(a) WATER COOLED 

Several types of condensers exist, and the choice is generally 
decided by the availability and nature of the water supply. 
Condensing and cooling the refrigerant require the removal 
of large quantities of heat at a temperature which should be 
as low as possible. 

In port warehouses, sea water can be used, but special 
precautions must be taken both to avoid corrosion of the 
condenser piping as well as obstruction of the piping by 
seaweed, mollusc, etc., and in ports where the inshore water is 
polluted by fuel oil, the water inlet must be carried out fairly 
far offshore. 


Fic. 
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Single screw compressor 


Top half of casing removed showing main rotor and two meshing star wheels. 
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View from suction end 


Similar precautions are also advisable when river water is 
to be used and in many cases the water is supplied from a well. 


Amongst the types available the following predominate: 
(1) Evaporative condensers ; 


(2) Shell and tube condensers in conjunction with cooling 
towers. 


(b) Ark CooLep 


In certain circumstances, air-cooled condensers are used, 
and there are various advantages and disadvantages which are 
taken into consideration when selecting these appliances: 


Advantages :— 

The condenser efficiency is not influenced by the atmospheric 
humidity. 

Is used in applications where cooling water is in short 
supply or not available. 

Relatively simple to install, hence less expensive and easier 
and cheaper to maintain (no water treatment, fouling factors, 
descaling, etc., to be considered as with water-cooled equip- 
ment). 


Disadvantages :— 

Condensing temperatures are generally higher for air-cooled 
condensers as compared to water-cooled systems. 

Due to the lower heat transfer coefficient for air-cooled 
condensers as compared to water-cooled appliances, the 
former are larger in size, other factors being equal. 

Power consumption can be higher than for a water-cooled 
system, but comparable to the combined air-water system 
using an evaporative cooler and cooler tower. 


(C) Coolers and Cooling Arrangements 


The actual cooling of the refrigerated storage spaces is 
effected by means of heat exchangers and these consist of two 
main types: 


(1) Natural convection coils (wall or ceiling grids); 
(2) Forced air coolers. 


Grids may be used in storage rooms below 0°C, and cooling 
is by natural convection, thus avoiding fans and the conse- 
quent heat load on the store, and this has the advantage of 
maintaining high relative humidity. They are not, however, 
suited to rooms with high product loadings, particularly warm 
products, since their refrigerating capacity is low and defrost- 
ing of grids is difficult. 

Air coolers can be mounted inside the refrigerated storage 
space or positioned in an external compartment with air 
circulation by means of one or more fans via delivery and 
suction ducts, sometimes taking the form of a double ceiling 
or a double floor. Forced air circulation, because of the higher 
rate of heat transfer, enables greater refrigeration capacities 
to be concentrated on rooms as is necessary for product 
cooling. Air circulation also provides for more even tempera- 
ture distribution in the store. Systems should be arranged to 
avoid direct discharge of air onto the product. 

Air distribution within the refrigerated store rooms is now 
achieved almost entirely by means of long throwout fans with 
the air cooling heat exchangers, or via ducting. The ducting 
usually takes the form of individual ducts from each air cooler 
fitted beneath the insulated ceiling, or alternatively, in the form 
of a false ceiling over the entire ceiling area into which all air 
coolers discharge. Ideally there should be little difference in 
temperature throughout the storage space. 

The defrosting of air coolers sited external to refrigerated 
stores is convenient, since it is possible to isolate the air cooler 
from the interior of the room for this operation. It is usual to 
employ water, hot gas or electric means for frequent and 
rapid defrosting of coils. 


In order to increase the operating periods of air coolers 
between defrosts, the wide spacing of fins at the coil inlet are 
favoured to act as frost catchers to avoid obstructing the air 
flow. 

During recent years the tendency has been to replace air 
coolers by prefabricated ‘air conditioner-diffusers’, which, 
while their working principle is similar, are totally different 
as regards appearance. Grouping the heat exchanger in one 
single unit comprising the fan and defrosting devices, an air 
conditioner-diffuser is of such small bulk that it is frequently 
installed within the room itself. 

The advantages of this equipment are, a reduction in the 
installation cost by avoiding air distribution ducts, which are 
cumbersome and a hindrance to handling operations. The 
disadvantages of ‘air conditioner-diffusers’ installed within 
large freezing rooms is the uncomfortable working conditions 
for repairs in the case of breakdown. 

Particularly in the case of rooms which can be used at 
different temperatures, the apparatus can carry extra com- 
ponents such as two-speed fans, divisible exchanger batteries, 
electrical heating resistances, etc. As a general rule, the ex- 
changer batteries are finned tubes. 

Various method have been adopted for the arrangement 
and lay-out of ‘conditioners’ within the premises to be cooled: 


(1) A small number of high capacity ‘conditioners’ 
placed on the floor of refrigerated rooms against one 
of the walls and fitted with air distribution nozzles 
pointing in several directions but protection of floor 
mounted units as well as space for air return must be 
provided. 


(2) Medium capacity ‘conditioners’ of lesser bulk; this 
equipment, in relatively large numbers, can then be 
suspended either along the central axis of the room 
or along the walls, thus keeping them clear of the 
storage areas. 


In all cases, it is necessary that the distribution of air 
ensures proper homogeneity of temperature. 


(D) Liquid Receivers and Other Pressure Vessels 


Liquid receivers for large refrigerated store installations can 
be over a metre in diameter and several metres in length and 
be required to contain a large quantity of liquid ammonia. 

Although not normally subjected in service to an internal 
pressure approaching the pressure for which they are designed 
(1.47 N/mm? in the United Kingdom), this pressure could be 
reached in the event of the plant being exposed to a fire. 

In refrigerating systems, a pressure temperature relationship 
exists, which briefly stated, results in the liquid receiver being 
subjected only to a very low internal pressure when the 
refrigerant is at a low temperature. It is only subjected to an 
internal pressure approaching its maximum working pressure 
when the refrigerant is at a temperature above zero degrees 
celsius. 

For this reason, the stress in the shell and end plates is very 
low when the receiver is at a low temperature, and it has not 
been considered necessary to use steel plates, welded connec- 
tions, attachments, etc., notch impact tested at the lowest 
design temperature. 

However, as the trend is to provide storage, or refrigerating 
systems to operate at ever lower temperatures, pressure 
vessels with a design temperature below minus 40°C are now 
required to be manufactured from steels with mechanical 
properties, including notch toughness, suitable for the lowest 
design temperature. 

The refrigerants in use in refrigerated stores are non- 
corrosive and because of this, it is not the practice to fit 
manhole inspection openings in liquid receivers as one would 
find in an air receiver. 


Other pressure vessels used in refrigerated stores are oil 
separators, filters, driers, shell and tube type condensers, surge 
drums and pulsating receivers. 


(E) Ancillary Equipment including Automated Devices 

Similar to marine refrigerated cargo installations, refriger- 
ating systems of stores will require several essential compon- 
ents in addition to those mentioned above. 

These are:—Cooling water pumps and possibly cooling 
water heat exchangers, refrigerant pumps for pumped 
refrigerant systems, intercoolers, glycol heaters (for under- 
floor heating) and defrosting arrangements. Also fans and a 
variety of liquid level controls, constant pressure, isolating, 
and solenoid valves, and, most important of all when con- 
sidering the safety of the plant, safety valves. 

Many automated devices will be installed and it is not 
uncommon for the refrigerating plant to be able to operate 
without any attention for long periods. 

For further information regarding the purpose and design 
of the above see Reference 1. 


(F) Electrical Equipment 

For many years, classed refrigerated stores have been 
dependent on electrical energy to provide motive power for 
compressors, pumps, fans and possibly, door mechanism. 


To atmosphere 


Air cooler 


A. Compressor 
B. Oil separator Heat exchanger 


C. Condenser . Drier/Strainer 


romm 


D. Liquid receiver . Suction strainer 


Also, for under-floor heating and/or defrosting arrangements 
in many stores, and in association with the many automated 
devices, including temperature recorders. 

A single paper could be devoted to electrical installations in 
refrigerated stores, but space permits reference to the more 
important features only. 

Electrical components are to comply with a relevant, 
recognized National or International standard and are to be 
suitable for the anticipated environment. It may be necessary 
to consider the effect of climatic conditions such as extremes 
of temperature and excessive sand, for example. 

The installation should comply with an appropriate Code 
of Practice, generally an industrial code as refrigerated stores 
are industrial premises. In the U.K. the appropriate code 
would be The Regulations for Electrical Equipment of Buildings. 
Statutory requirements of the Local Authority should also 
be complied with. 

Such local statutory requirements may be particularly 
relevant in the case of ammonia plants, as ammonia is 
explosive (in concentration of 16° to 27°%% by volume). If an 
ammonia plant is unmanned the principle should be to arrange 
for automatic isolation of electrical equipment before gas 
leakage has reached the lower explosive level. Any electrical 
equipment that is required to operate in a concentration above 
the lower explosive level (emergency lights, exhaust fans, etc.) 
should be of certified safe type. 


|. Safety valves M. Thermostatic expansion 
valves w. ext. equalizer 

N. Liquid level sight glass 

Ke Pith values P. Non condensable 

gas purging valve 


J. Constant pressure valve 


L. Solenoid valves 
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Typical direct expansion system for small refrigerated store installations 
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6 THE SOCIETY’S RULES FOR THE SURVEY AND 
CLASSIFICATION OF REFRIGERATED STORES 


GENERAL 

These are now published as a separate document (ref. 2) and 
Surveyors can obtain a copy on request from the Secretary, 
while Clients can obtain copies from the Society’s printing 
house. 

It is understood that these rules are the only ‘Standard’ 
available to the refrigeration industry setting out parameters 
and requirements related to the safe storage of refrigerated 
products in a refrigerated store. 

The British Standard, B.S. 4434, ‘Refrigeration Safety’ sets 
down recommendations regarding the safety of refrigerating 
machinery, but it is not a code of practice and is mainly 
concerned with the safety of personnel and the machinery, 
although these are intimately related to the safe storage of the 
produce in the store. 

One major difference between the classification of a marine 
installation and a refrigerated store, is the time factor involved. 

Unlike ships, which may take several years to complete 
from the time an order is placed, refrigerated stores may be 
ordered, built and put into service in about six months. It is 
therefore essential that correspondence, approval of drawings, 
etc., relating to new refrigerated stores are dealt with promptly. 

As soon as outport Surveyors are aware that a refrigerated 
store may be built in their district, they should contact 
Headquarters with as much information as possible. 

If the main contractor is in another country, this informa- 
tion should be obtained as quickly as possible. 

The procedure for submitting drawings for approval is 
similar to that required for marine installations except that if 
a copy of the specification for the store can be obtained at an 
early stage and sent to Headquarters, it may be possible to 
reduce considerably the number of drawings required for 
approval. 

At Headquarters, the Refrigeration Department have draw- 
ings and details of the majority of compressors, condensers, 
coolers and many other components available and these in 
many cases have already received the Society’s ‘General 
Approval’. 

If the specification indicates the makers and models of 
compressors and other components to be used, a large 
percentage of the drawings and information required may 
already be to hand. 

Surveyors should be aware that some manufacturers of 
components have failed to build their compressors, etc., to 
the Society’s survey and test, although this has been clearly 
stated in the order placed by the main contractor on the 
manufacturer. 

The manufacturer invariably states that they thought that 
as the compressor, etc., had received “General Approval’ then 
they had complied with the Society’s requirements. This 
creates problems when an installation would otherwise 
qualify for the > but may not be eligible through no default 
by the Owners or Main Contractor. 

If such a case comes to a Surveyor’s notice, Headquarters 
should be advised immediately. This situation is not limited 
to refrigerated store installations as many Surveyors will be 
aware. 

As soon as Headquarters are informed of a refrigerated 
store project, they advise all Surveyors concerned without 
delay and when necessary, special instructions are sent to the 
Surveyor at the site. 

Should any Surveyor be faced with a problem, or desires to 
call on the expertise within the Refrigeration Department, at 
Headquarters, and this applies equally to all departments, 
then he should not hesitate to do so. 

The Society’s rules for refrigerated stores, in general, are 
clearly defined and it is proposed to mention only those 
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sections and paragraphs which Surveyors have referred to 
when requesting guidance. 

Surveyors’ attention is drawn to the Foreword to the rules, 
and to these should be added a reference to the effect that 
classification does not cover the civil engineering arrange- 
ments. 

The risk to the produce in a refrigerated store in Europe and 
many other industrial countries, due to failure of the refriger- 
ating machinery for a long period, is considerably less than to 
refrigerated cargo in a ship. 

In the event of failure of refrigerating capacity aboard a 
ship, the ship’s staff may not be able to obtain readily, spares 
or expert assistance, and for this reason the Marine rules for 
refrigerated cargo installations are more severe than for land 
installations. 

The exception to this is when a refrigerated store is in a 
remote area where both spare parts and expertise may not be 
available for a prolonged period. 

Food produce entering a store is often at a higher tempera- 
ture than the storage temperature and the energy required to 
cool this produce to the holding temperature is known as the 
‘Product Load’. This can be quite considerable and added to 
this is the energy lost due to air at, or near, ambient tempera- 
ture entering the store through the large openings. 

Because of the ‘Product Load’ the refrigerating capacity 
necessary to maintain the correct temperature in the store in 
a closed condition is usually considerably less than the refrig- 
erating capacity available. 

When cooling down produce, moisture is removed, and this 
condenses on the cooler fins and builds up as frost or ice. 
Defrosting of the coolers is often necessary at frequent 
intervals to allow the cooling air to have a reasonably clear 
passage through the cooler and to increase the rate of heat 
exchanged between the cooler and the air. This also adds to 
the refrigerating capacity to be supplied and can be considered 
as reserve capacity when related to a closed store with the 
produce at the holding temperature. 

Refrigerated stores are often required to have a secondary 
source of cooling water available. (Rule 3.2.11). Usually there 
is an artificial pond, the level of which is maintained from a 
well, or the town’s water main. 

If it is not possible to use cooling water from this source, 
then provided the local fire department staff can rig hoses from 
another outlet and maintain water supplies to the evaporative 
condenser, then this could be considered as an acceptable 
secondary source. 

Unattended machinery rooms are required to be fitted with 
gas (refrigerant) detectors and automatic controls to shut 
down the plant and sound an alarm in the event of serious 
leakage of the refrigerant. (Rule 3.2.13). 

This requirement has produced problems and a case can be 
made for a somewhat less stringent rule, particularly when a 
halo-carbon refrigerant is used. 

If there is a ‘watchman’ on permanent duty at a store and 
someone is within reasonable distance of the machinery room 
at all times, then provided detectors are fitted which sound an 
alarm and result in the ‘watchman’ pressing an emergency 
trip switch, outside the machinery room, this may be accept- 
able. However, details should be submitted to Headquarters 
for this, or any proposed departure from rule requirements. 


OUTPORT DUTIES 
At Component Manufacturers 

The requirement for the survey and test of compressors and 
other components are stated clearly and should not present 
any difficulties provided the Surveyor has received confirma- 
tion that the compressor, etc., has been approved. This 
approval will normally cover the principal materials of con- 
struction, test pressures, and any special requirements such as 
the need to carry out a capacity test, 


Some smaller components, for example, filters and driers for 
small installations may, in some instances, be accepted 
without being built under LR survey, but it is preferred that 
Headquarters be advised. 

There have been several cases when Surveyors have ex- 
amined and tested components for use in a refrigerated store 
building to class but because thay are unaware of this they 
have issued Industrial Services’ certificates. 

While these certificates have been accepted under these 
circumstances, it is possible for a pressure vessel to be con- 
structed to comply with a lower standard than desired and 
hydraulically tested at a pressure below that required by the 
rules. 

When Surveyors are requested to inspect and test any 
components that could possibly form part of a refrigerated 
store installation, they should endeavour to ascertain the 
destination, and for what installation the component is 
required. 


At the Site 


It is not possible to cover all likely contingencies a 
Surveyor may encounter during the period from the first visit 
to the site until the final handing over of the Society’s 
certificate. 

There are several experienced refrigerated store contractors 
and many excellent refrigerated stores which they have con- 
structed have been classed without difficulty. 

The site Surveyor attending the construction of a refriger- 
ated store by one of these contractors, although he should take 
nothing for granted, will probably find the design, materials of 
construction, workmanship, site testing and final commission- 
ing of the store, present no undue problems. 

There are other contractors, with little experience, who 
sublet various parts of the contract to local firms employing 
unskilled and inexperienced workmen, who could present the 
site Surveyor with more problems than one would wish. 

A site Surveyor should pay particular attention to the 
installation, fitting and sealing of insulation panels and special 
attention should be given to the following rules: — 


2.1.5. General instructions to Surveyors which may be 


brought to the attention of the site manager if the 


need arises. 
3.7.6. Refers to approval of welders for site welding of 
pipelines. 
3.8.1. Refers to pipeline supports, provision for expansion 
and of pipelines, and their protection against mechanical 
3.8.3. damage. These items are often left to the discretion 
of a site manager and attention to these points by 
the site Surveyor at the earliest stage of this work 
could prevent much argument later. 

3.10.1. Refers to testing of pipe lines and states what must 
be done if the pipelines are strength tested with an 
inert gas. 

31201; : sal" 

3122 Refers to safety devices to be fitted to protect 

3.13.3. personnel and machinery. 


Section 9 refers to the cooling down tests of the completed 
store and it will be noted that a thermal balance test, as 
required for classed marine refrigerated cargo installations 
(excluding container ships) is not normally required to be 
carried out on a refrigerated store. 

It is possible that the Owners of a nearly completed store 
may not require the storage rooms to be cooled down to the 
temperature in the specification and in these circumstances a 
Surveyor should state the minimum temperature attained in 
any Interim certificate issued and advise Headquarters 
accordingly. 


Should a thermal balance test be required, either at the 
request of the Owner, contractors or Headquarters, then 
special instructions will be given to the Surveyors. 

Details of a recent balance test carried out at the Owner’s 
request is attached. (See Appendix I). 


EXISTING STORES 


It is not uncommon for an Owner of a refrigerated store 
nearing completion to enquire if the store could be considered 
for classification. (See Rule 2.1.6). 

Each case has to be considered on its merits.and Head- 
quarters should be advised before an existing refrigerated 
store is surveyed for possible classification. 

This latter observation applies whether an existing store has 
been in use for a number of years or has not been completed 
at the time the Owner requests classification. 

While it is much more desirable for a store to be built to 
class with the > assigned, and possibly less of a burden to the 
outdoor Surveyor and Headquarters Staff, provided the store 
complies with the relevant rules, then it may be possible to 
recommend classification, without the >. 

If the refrigerated store installation has not been completed, 
it is desirable for the site Surveyor to witness as many tests as 
possible prior to the store being commissioned, but only 
provided the store is being considered for classification. 

When a store has been in existence for some time, it will be 
necessary to carry out a survey at least equal to the require- 
ments of a special survey on a classed store. 

Obtaining a copy of the specification and/or drawings could 
be difficult and in these circumstances the Surveyors should 
forward as much relevant information to Headquarters as 
possible to assist the staff to carry out the necessary theoretical 
heat balance calculations. 


PERIODICAL SURVEYS 
Annual Surveys 


Paragraph 10.1.3 of the Rules states that a survey of the 
refrigerating machinery, plant and equipment, including the 
insulated store rooms, under normal service conditions, is to 
be carried out at intervals of approximately 12 months. 

The Annual Survey, in accordance with Section 11 of the 
Rules, should as far as possible be carried out on or about 
the anniversary of the last completed Special or Continuous 
Survey and the date of the last Annual Survey in the four-year 
survey period should be the same as the Special Survey Date 
or date of completion of the Continuous Survey. 

As opening out of the machinery is not required for Annual 
Survey the Surveyor could, when due in the area of a refriger- 
ated store on other duty, arrange to carry out the survey at that 
time when any deficiences or malfunctions found may be 
corrected and seen to work satisfactorily at a further visit. 

Headquarters is often informed that the Owners wish to 
defer an Annual Survey becoming due in the summer months 
as they do not like to open out machinery until the weather is 
cooler. The Owners should be advised that opening out of 
machinery is not required for Annual Survey. Naturally, any 
serious defect noted affecting classification may require to be 
made good. 

Log books or other records are often not kept in refrigerated 
stores, and in these cases the Owner or Manager should be 
made aware of the advisability of keeping records in case of 
any possible litigation. 


Special Surveys 

The Special Survey, in accordance with Section 12 of the 
Rules, is to be carried out every four years, or when requested 
by the Owners, on a Continuous Survey basis. 

The four-yearly Special Survey is most suitable for smaller 
installations having only two compressors. The Surveyors 
could make arrangements when visiting the store for the third 


, 


Annual Survey in the four-year cycle, to carry out the survey 
when the machinery is opened out for maintenance during the 
cold season, and ferward a report for part Special Survey. 
The report for completion of Special and Annual Surveys can 
then be forwarded on the due date when the remaining items 
for Special and Annual Surveys have been seen. 

The option for Special Survey on a Continuous Survey 
basis has been taken up by the majority of the Owners of 
larger refrigerated stores as this survey is easily fitted in with 
the maintenance programme. 

A survey record on the lines of the sample (Appendix III) 
is helpful for Continuous Survey, as each of the various parts 
of the installation is to be seen at intervals of about four years. 

Surveys of screw compressors appear at times to cause some 
confusion, mainly due to the relatively short time this type of 
compressor has been in service. However, screw compressors 
should be opened out for survey after not more than 25 000 
running hours of trouble free service, or 6 years, whichever is 
earlier. The period may, on consideration, be extended to 
8 years, and this applies to the rotor housing with rotors and 
bearings only, all associated equipment, such as oil cooler, oil 
pump and strainers and compressor suction strainer, is to be 
opened out for survey at four-year intervals. 


ff DEFECTS AND REPAIRS 


Refrigerated store refrigerating machinery, in general, is 
commendably reliable, provided it receives the correct atten- 
tion. Further, because primary refrigerants in common use are 
non-corrosive, and both refrigerant and lubricants, are con- 
tained in a closed cycle with mechanical components operating 
within a comparatively low range of temperatures and pres- 
sures, the replacement of moving parts due to excessive wear, 
compares favourably with most mechanical plants. 

Some defects which have been reported and are not con- 
sidered to be isolated examples, are referred to below. 

One or two cases of ‘frost heave’ have occurred, and in one 
case this would normally have not been expected, as the 
floor of the store was of the type that allowed air circulation 
between the floor and the ground. 

When ‘frost heave’ occurs it is usually because the under- 
floor heating is defective and replacing defective gycol heating 
pipes or electric heating cables, is often the only solution. 

In the case of the store with air circulation between the floor 
and the earth, a good flow of air had been prevented due to 
stacking boxes, etc., outside of the store, and ice build-up had 
taken place which led to the ‘frost heave’. 

Defects to insulation lining, insulation, and boundary walls 
and ceilings occur and it is necessary to view the defect in 
relation to the effect it has on the safe storage of the goods 
in the store. 

Most refrigerated stores have a considerable reserve of 
refrigerating capacity above that required to maintain the 
temperatures assigned, so the goods stored may not be affected 
by minor heat loss through a damaged insulation boundary. 

However, it is preferred that defects are made good and 
each case should be considered on its merits. This situation 
can be likened to indented plating in the side of a ship. The 
ship may not be endangered as a result but there is a limit to 
what can be deferred indefinitely and what should be attended 
to within a limiting period. 

Reciprocating compressor cylinder head reed type valves, 
need replacing periodically. There are some manufacturers 
that advise replacing the Swedish steel reed valves at intervals 
based on hours of service. This could require some compres- 
sors to have their valves changed annually, but as this is 
considered to be a maintenance operation, it is not necessary 
for Surveyors to be present unless the compressor is due for 
Special Survey. 
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The performance of a compressor with faulty valves should 
normally be such that it was obvious that the compressor was 
not in order and enquiries should then be made from the 
refrigerated store staff regarding when the compressor was 
last serviced. 

Most compressors have crankshaft glands and these may be 
found to be leaking. If the glands are of the soft packing type 
then removal of the packing may reveal scoring or grooving of 
the shaft in way of the packing. However, soft packing is no 
longer used in modern compressor design. 

The severity of the defective shaft surface must be related to 
the ability to maintain a gas tight gland in service, when 
considering possible rectification of the defect. 

Crankshaft journals and crankpins that have been damaged 
due to lubrication starvation, or from whatever cause, should 
be recommended for immediate repair, unless the surfaces 
have suffered only minor damage that can be rectified in place 
to the Surveyor’s satisfaction. 

Low lubricating oil pressure cut-outs usually prevent oil 
starvation and should of course be tested at Annual Surveys. 

It may be mentioned that oil strainer mesh has been found 
at surveys to have burst due to excess differential pressure 
caused by lack of cleaning, and the Surveyors should consider 
looking at the oil pressure gauges before and after the oil 
strainer when carrying out an Annual Survey. 

Defective condensate drainage arrangements under evapor- 
ators have caused serious damage to the evaporator or cooler, 
and resulted in damage to goods stored in the store. 

Defective defrosting arrangements, or too short a defrosting 
cycle when the coolers are being operated at maximum 
capacity, can lead to a build-up in ice formation beneath the 
cooler. In one case reported, the ice formation lifted the 
cooler from its seating until a weld between the inlet pipe and 
the cooler header failed. This allowed ammonia to escape and 
be circulated in the store until the defective circuit was isolated. 
Ammonia contamination of food-stuffs in the store resulted 
in the food being inedible. 

Large stores have skilled competent staff and generally 
these stores are maintained in good order. 

The smaller stores may rely on local mechanics, perhaps 
from a garage, to maintain the plant. 

Between the two extremes there are many variables. Stores 
situated in hot climates, or in countries where it is difficult to 
call in the services of a competent refrigeration maintenance 
engineer, or, where access to spare parts is difficult, should be 
surveyed with the above in mind. The Society’s Surveyors do 
not require to be reminded that prevention is better than cure. 


8 CONCLUSION 


When preparing this paper, the problem has not been lack 
of material to be included, but what to omit and yet meet the 
objective stated in the last paragraph in the Introduction. 

The Surveyor who has had experience with Marine Refrig- 
erated Cargo Installations, will have little difficulty surveying 
a refrigerated store, although some situations arise in refriger- 
ated stores that do not occur in ship’s installations. (The 
incident of ‘frost-heave’ is one.) 

The graph shown in Fig. 1, in the introduction to this paper, 
illustrates the present growth rate in this particular branch of 
the Society’s activities. 

As more countries become increasingly aware of the 
advantages, and in some cases, the necessity of preserving food 
products by means of refrigeration, the demand for refriger- 
ated stores will continue and possibly grow. 

The potential to the Society, in respect of the services it can 
provide to the Refrigeration Industry in the future, is con- 
siderable. 


Looking to the future, in view of the importance of con- 
serving energy, other means besides the vapour compression 
system will probably be used to refrigerate food produce. 

At present, stored liquefied gas is passed through heat 
exchangers before being fed into the distribution grids in a 
gaseous state and the heat sink in the liquefied gas is invariably 
wasted. 

Using this energy source to keep a refrigerated store at its 
operating temperature, is one way energy could be saved, and 
doubtless there will be others. 

Although this paper may be helpful to Surveyors with 
limited experience attending a refrigerated store, it will not 
resolve all the problems that Surveyors will encounter and 
these should be referred to Headquarters where staff with the 
required expertise and experience are available and willing to 
assist. 

Finally, it is hoped that Outport Surveyors will forward 
details of defects they have dealt with and problems they have 
met, and these can be included in the discussion to this paper 
and placed on record for our mutual benefit. 
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APPENDIX I 


GUIDANCE NOTES FOR SURVEYORS CARRYING OUT A THERMAL BALANCE TEST OR CAPACITY 
TEST ON A REFRIGERATED STORE INSTALLATION 


Section 9 of the Rules for the Survey and Classification of 
Refrigerated Stores refers to cooling tests on refrigerated store 
installations built to class. 

Normally, it is not necessary to carry out a Thermal Balance 
Test on a refrigerated store installation because of the reserve 
capacity available, additional to that required for classification. 

When a Thermal Balance Test has been required it has been 
carried out in the presence of a Surveyor from the Refrigera- 
tion Department, Headquarters, or by an experienced outport 
Surveyor. 

For this reason, these guidance notes have not been included 
in the body of the paper, but are attached as an appendix for 
the benefit of any Surveyor who may wish to be informed 
regarding the procedure to be followed when carrying out a 
Thermal Balance Test. 


(A) PRE-TEST PLANT TUNING AND ADJUSTMENT 
PROCEDURE. 

(B) THERMAL BALANCE TEST PROCEDURE. 

(A) _ Pre-test plant tuning whilst not the direct responsibility 


of the Surveyor is nonetheless an important function to 
the overall achievement of a satisfactory and meaningful 
test. It is for this purpose and perhaps also for the good 
image of the quality of the Society’s Surveyors that they 
should have a fair idea how a well adjusted refrigerating 
plant should perform. 

The following notes therefore are for guidance only, and 
whilst every attempt has been made to be as explicit as 
practical this has not always been possible since each 
plant must be viewed on its own individual merits, and 
the Surveyor is expected to use his engineering common- 
sense and own judgement. 
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Suction Gauge :— 


This gauge is probably the most important gauge 
on the refrigerating plant and because of this, 
suction gauges used for the duration of the cooling 
test should, where possible be as large and accurate 
as practicable. Small errors of suction gauge 
readings can represent proportionally large errors 
in the final plant capacity which could affect the 
final assessment of the installation. 

The suction gauge should therefore be inspected for 
satisfactory installation, and it is quite often found 
that the instrument has been installed in a careless 
and haphazard manner, i.e. positioned awkwardly 
so that it becomes difficult to read accurately. It 
should be facing square on to the observer so that 
no error due to parallax is possible. 

The gauge line stop valve where fitted should be 
adjusted so that the indicating needle is damped 
down free of excessive vibrations but sufficient only 
to move freely with small changes in suction 
pressure. It is also a good practice to request that 
the commissioning engineers demonstrate the 
effectiveness of this gauge by ‘zeroing’ the gauge— 
ie. by closing off the gauge control stop valve and 
loosening the gauge connections to bleed the line. 


(i) 


Other Gauges :— 

All other gauges should if possible be given the 
same simple ‘zero’ test and any correction values 
should be noted against each instrument. 


(ii) 


o 


@ 


(iii) 


(iv) 


Thermometers :— 

Thermometers to be used for measuring air tempera- 
tures across the insulation, both internally and 
externally, should be checked by comparison 
against a calibrated and corrected standard ther- 
mometer set. Wood encased type thermometers if 
available are generally preferred, but all thermo- 
meters should be positioned away from possible 
influences of radiation—warm surfaces (steel pipes) 
and solar radiation, etc.—and ideally in a well 
ventilated wooden type box, similar to the box used 
by the meteorological office. The thermometers 
should also be calibrated within their approximate 
temperature range, i.e. the thermometers used for 
external air temperatures checked at the anticipated 
higher ambient temperature levels and the internal 
thermometers similarly checked within the cold 
chamber spaces. 

Thermometers for use around the plant, e.g. com- 
pressor suction, compressor discharge, refrigerant 
liquid temperatures, etc., should be examined for 
satisfactory installation and checked for reasonable 
accuracy. The compressor suction temperature 
thermometer pockets for example should be filled 
with low freezing temperature oil as of course 
should any other low temperature thermometer 
pockets installed around the plant. 


Liquid Levels :— 
The operating levels of liquid both in the low 
pressure receivers in flooded liquid circulation type 
systems, and in the high pressure liquid receivers 
should be seen to be adequate at all times during 
plant operation. This is particularly important in 
the high pressure receivers, as the liquid charge in 
the system will be affected by an increasing con- 
densing pressure with an associated increase in 
liquid density, and hence reduction in liquid 
volume; to an extent where the operating level can 
fall below the vessel outlet connection. It has been 
found that the commissioning engineers, influenced 
possibly by the high cost of the particular refriger- 
ant used, had charged the plant with liquid levels 
sufficient only for plant operation under the fairly 
static load conditions as prevailing at the time of 
commissioning. Whereas with increased loads at 
the higher condensing pressures, the level in the 
high pressure receiver was found to have fallen 
below the lowest outlet connection. The conse- 
quence of this is that the condenser vapour will be 
injected via the expansion valves into the evapor- 
ator and a considerable loss of evaporator duty 
could therefore be incurred. 
A plant is rarely found to be overcharged but the 
primary effect on this will be to overfill the liquid 
receiver until the liquid will eventually back up 
into the condenser volume space thus raising the 
condensing pressure above its normal limits. 
With flooded liquid circulation systems the oper- 
ating liquid level is normally set to operate just 
above the vessel main outlet branch, so that there 
is always a good suction head on the circulating 
pump and sufficient remaining space within the 
shell for liquid/vapour surge return, and subsequent 
separation. 
Liquid separators, or surge drums as they are often 
referred to are installed in the system for the 
purpose of :— 
(a) off-setting variations in the liquid contents in 
the system, 
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(v) 


(vi) 


(b) separating liquid and gaseous refrigerant, 
(c) separating liquid refrigerant and oil in R717 
systems, and 
(d) ensuring the supply of liquid to evaporators or 
refrigerant pumps. 
The design criteria are obviously based on volume 
capacity for surge space requirements and cross 
section area of vapour space above the liquid 
surface for separation by reduction in velocity. It 
is important therefore that the operating liquid 
levels in the lower pressure separator vessels do not 
exceed the optimum control level range, otherwise 
the reduced separation area could create a con- 
dition for liquid carry over entrained in the com- 
pressor suction vapour stream. This is an undesir- 
able condition and is explained in some detail 
later. 
The suction compressor return lines from the 
liquid separator vessels are so designed, that for a 
small acceptable pressure drop and heat gain 
through the insulation, sufficient superheat is 
achieved to ensure good compressor operation. 


Evaporator Liquid Feed Valves:— 

Where thermostatic expansion valves are fitted on 
direct and dry expansion finned coil air coolers the 
valves are adjusted to a nominal superheat setting 
usually in the order of 6K and assuming that the 
valves have been sized correctly they should 
modulate evenly according to load demand. This 
effect can often be found by carefully observing the 
compressor suction gauge slight pressure variations. 
The valve superheat setting is to ensure that the 
returning vapour stream to the compressor is at 
least enough to be in the dry condition and the 
extent of this is dependent on the characteristics of 
the refrigerant type used within the system, refer 
Section (vi). 

On the more effective liquid pump circulation type 
air coolers, liquid refrigerant is pumped through 
the coolers and the evaporated gaseous refrigerant 
is returned back with the remaining liquid to the 
separator vessel for eventual vapour return to the 
compressor suction. These types of coolers are more 
effective per unit size compared to the dry expan- 
sion type previously mentioned, due of course to 
the better heat transfer with the increased wetted 
surface. In order to ensure that liquid refrigerant 
as well as vapour is returned to the separator, the 
amount of liquid refrigerant circulated to the cooler 
is of the order of 3 to 5 times the amount required 
to vaporize and carry out the cooler duty. The 
actual flow of liquid refrigerant is regulated by a 
hand operated control valve which is given final 
adjustment during the commissioning stages. Where 
multiple evaporators are installed on the same 
liquid feed circuit a balance of equal liquid distri- 
bution can sometimes be difficult to achieve, and 
in the absence of pressure gauges this can usually 
be checked by close visual inspection of each 
evaporator unit. The finned coil blocks of each 
evaporator should show an equally distributed 
frost film over the whole of each surface and in 
particular, attention should be given to the return 
air flow side of the evaporators. 


Compressors :-— 

Where positive displacement compressors and in 
particular reciprocating compressors are installed 
an indication of their individual performance can 
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be gauged by reference to a Pressure-Enthalpy 
(P-h) diagram where the approximate discharge 
gas temperature is indicated by the condition at 
constant entropy. This is a guide only since the 
actual compression in compressors is neither a 
reversible process due to viscous and frictional 
effects nor is it adiabatic. 

The effect of viscosity and friction will be to raise 
the discharge temperature whilst the effect of an 
impure adiabatic compression will be the opposite, 
i.e. reduce the discharge temperature, and the 
precise deviation from the condition of constant 
entropy will depend on the individual mechanical 
characteristics of each compressor model. For 
modern high speed multi-cylinder machines the 
discharge gas temperatures will generally be about 
5 to 11K above the isentropic values. 

The discharge gauge temperature should be about 
5 to 9K above cooling water temperature for water 
cooled condensers, 11 to 19K above the outside 
ambient dry bulb conditions for air cooled con- 
densers and 5 to 9K above the cooling water 
temperature for surface evaporative condensers. 
A summary of the maximum temperatures for 
chemical stability for the more common refriger- 
ants used in refrigerated stores is as follows :— 


Refrigerant Max. °C 
R12 120 
R22 135 to 149 
R502 177 
R717 (AMMONIA) 149 to 177 


The immediate effect of suction superheat on a 
compressor is of course to raise the discharge gas 
temperature (Fig. A) and assuming that the 
temperatures are within the maximum tempera- 
tures as summarised above and neglecting also the 
minor condenser duty losses due to the additional 
heat transfer surface required for de-superheating, 
no drastic loss in plant capacity will be incurred. 
The practical effect of superheat in the volumetric 
refrigerating capacity of reciprocating compressors 
differs with each particular refrigerant. 

Volumetric refrigerating capacity increases with 
increased suction superheat for R12 and to an even 
greater extent for R502 whilst for ammonia, there 
is an accompanied definite decrease in capacity and 
provided that the vapour is definitely dry at entry, 
the superheat should be low. With R22 there will 
be only a small change in volumetric refrigerating 
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capacity so that suction superheat is not accom- 
panied by any appreciable gains in compressor 
output and is usually to be neglected. 

The compressor discharge gas temperatures do 
however, serve the purpose of giving some indica- 
tion of the general condition of the valve gear. 
Defective delivery valve plates, sticking capacity 
reduction valve gear and even defective or partially 
failed internal relief bypass bursting discs/relief 
valves will cause the discharge gas temperature to 
rise abnormally high, due to the energy input of 
re-compression of the leaking discharge gas flow. 
This malfunction if allowed to persist could 
eventually do serious mechanical damage to the 
compressor and must therefore be avoided at all 
costs. Most compressors on modern plants are in 
fact fitted with discharge gas temperature cut-out 
switch devices for this purpose and it is prudent 
that they should be checked for reliable operation. 
Broken or sticking suction valves will also affect the 
delivery gas temperature and will have the tendency 
to artificially raise the suction pressure. If this is 
suspected, then the Surveyor could request a simple 
pump down test, and failing this a physical 
examination of the valve gear is recommended. 


Condensers :— 


Water cooled shell and tube condensers should be 
purged for air at the purge valve usually provided 
on the water side, and surface evaporative conden- 
sers should be examined at the water sparge end for 
good and even water distribution over the con- 
denser coils. 

Air cooled condensers should be inspected for 
general cleanliness—particularly at the air entry 
side where dust and lint are quite often found to be 
partially restricting air flow through the fins and 
coils. 


Drier/Filter Units :— 

Where fitted on halo-carbon systems drier/filters 
should be checked for satisfactory operation. The 
refrigerant liquid outlet pipe should be about the 
same temperature as the liquid inlet. As the unit 
becomes saturated with moisture and foreign de- 
posits from within the system it forms a restriction 
and liquid refrigerant will begin to throttle through. 
The associated pressure drop will be indicated by 
a marked drop in liquid temperature at outlet and 
a simple enough test by feel is often all that is 
required. 


LIQUID-SUCTION HEAT EXCHANGERS 


Liquid-suction heat exchangers are installed to 
subcool the liquid refrigerant entering the expan- 
sion or injection valves to the evaporators, and to 
simultaneously superheat the vapour entering the 
compressors. 

Liquid refrigerant throttling through the expansion 
or injection valves from high pressure to the lower 
evaporating pressure is accompanied by a reduction 
in the refrigerant’s temperature. As no refrigerant 
can exist in the liquid state above its saturation 
point, the high temperature liquid entering the 
evaporator must therefore immediately cool itself, 
and this is effected by the instant evaporation of 
some of the entering liquid, i.e. termed flash gas. 
The effect of this is illustrated for a typical low 
temperature application using Refrigerant R22, and 


referring to a simplified P-h diagram Fig. (A). 
Condensing temperature is at 30°C (1,102 N/mm_?). 
Evaporating temperature is at —28,9°C (0,0711 
N/mm’). 

Enthalpy of liquid h, at —28,9°C = 12,25 kJ/kg. 
Assuming for this example that there is no conden- 
ser subcooling and no further loss of heat from 
liquid between condenser and expansion or injec- 
tion valve, then liquid entering the valve will be at 
30°C and also assuming that there is no pressure 
drop in liquid line up to the valve, pressure of 
liquid entering valve will be at 1,102 N/mm? and 
liquid enthalpy h, will be 84,17 kJ/kg whilst 
liquid will throttle from pressure P, at 1,102 N/mm? 
to pressure P, at 0,071 N/mm?. Then cooling of 
liquid from 30°C to —28,9°C will incur heat 
removal of h,—he = 71,92 kJ/kg of liquid refrig- 
erant mass flow through the system. 

Heat exchange between the valve body and refriger- 
ant is minimal due to the speed of the liquid 
refrigerant flow and may be neglected. It is thus 
shown as a constant enthalpy process by a straight 
line on the P-h diagram. 71,92 kJ/kg of this 
refrigerant will be provided to absorb this surplus 
heat by rapid evaporation of sufficient liquid, i.e. 
flash gas. 

It is apparent then that this flash gas is the latent 
heat used up to provide sensible cooling of the 
liquid to —28,9°C and represents a loss in terms of 
refrigeration capacity. 

OR, expressed in terms of the latent heat of liquid 
hg = 238,5 kJ/kg with the flash gas cooling at 
71,92 kJ/kg the percentage of useful cooling per kg 
of mass flow of refrigerant is only 


238,5 — 71,92 x 100 _ 69 go 
238,5 — 


It can be seen from the P-h chart therefore that 
flash gas is a function of temperature difference 
across the throttling valve. The higher suction 
temperatures are accompanied with a_ smaller 
portion of flash gas being formed and hence more 
useful cooling produced in the evaporator, whilst 
higher condensing temperatures have the opposite 
effect of decreasing the effective evaporator duty. 
Liquid suction heat exchangers have also the de- 
sired effect of superheating the suction gas entering 
the compressor so that no liquid refrigerant will be 
carried over with the suction gas stream, sometimes 
termed ‘liquid slugging’. This is particularly desir- 
able for certain refrigerants that have a volumetric 
refrigerating capacity gain with suction superheat, 
and on multiple evaporator circuit systems where it 
might be difficult to balance the system. On low 
temperature systems, liquid slugging will often be 
experienced, particularly on starting up or on 
sudden influx of heat load, e.g. input of warm 
produce. The suction gas entering the compressor 
at the saturated temperature condition can create a 
condition of wet compression due to the entrain- 
ment of liquid particles and has adverse effects on 
the performance of the compressors. 

Severe liquid slugging can cause mechanical 
damage to valves and loss of lubrication by oil 
dilution and foaming. Liquid refrigerant particles 
entrapped in the clearance volume of the compres- 
sor will vaporize during the suction stroke of the 
compressor and reduce the volumetric efficiency 
and hence capacity of the unit. 

A portion of the total heat transfer surface of 
evaporators on dry expansion systems is given up 
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(B) 


to super heating the vapour of the evaporated 
liquid in the evaporator, with a resultant loss 
of effective evaporator capacity. The installation 
of a liquid-suction heat exchanger will of course 
minimise this loss, thus requiring a smaller evapor- 
ator unit, for the same given heat load demand. 
Liquid-suction heat exchangers are also installed 
to overcome the static head effect on systems 
where the evaporators are at a considerably 
higher elevation than the condensing unit, or where 
there is an unacceptable pressure drop in the liquid 
line due to restrictions such as valves, controls and 
bends, etc. 

Static head or pressure drop can cause vapour 
bubbles to form in the liquid line, due to the 
restrictions and changes in pressure and if allowed 
to exceed the desirable design limits will result in 
a minor loss of evaporator capacity, and could also 
have an eventual eroding effect on the control 
valve needle and seat. 


THERMAL BALANCE TEST PROCEDURE 


It should be borne in mind by the Surveyor that the 
balance test should be under his complete contro! and 
to his full satisfaction. The Surveyor should organize 
the tests in such a manner that when the plant has been 
set up and adjusted to his satisfaction, he can signal the 
recording of each set of readings and where possible 
each set of readings should be taken simultaneously. 
The purpose of the balance test is to establish that the 
installation is capable of maintaining the minimum 
temperatures assigned for the various chambers at the 
given design ambient conditions, and is related to the 
cold store under closed conditions and with no product 
heat load. 

The cooling test requirements are generally as given 
under Section 9 of the Rules for Refrigerated Stores. 
The initial cooling down to the required notation 
temperatures, and in particular for low temperature 
chambers, should be carried out slowly and is usually 
in the order of 3K per day at temperatures at about and 
below freezing. 

The various chamber temperatures should be main- 
tained steady at least 12 hours before the test commen- 
ces to ensure that the temperature of the insulated 
envelope has been fully stabilized and is not acting as a 
heat sink. All chamber doors should be securely closed 
and checked for good air tightness and all internal 
lights switched off. 

Ideally, no product should have been introduced into 
the store, but sometimes refrigerated store owners have 
pressing commercial commitments to store produce 
immediately on completion, and the Society’s Surveyors 
are expected to co-operate. 

In this instance, the produce should then be stored at 
the required chamber temperatures for a period of 
about 48 hours before the test commences, in order to 
ensure that the temperature of the produce is down to 
the chamber temperature. 

The duration of the test should ideally be 24 hours to 
carry the test through a complete cycle of ambient 
conditions. However, if it is obvious that the plant has 
ample capacity, the Surveyor may use his discretion and 
reduce the test to a period of 12 hours’ duration only. 
The store temperatures should be maintained auto- 
matically during the test with the standby unit out of 
operation, and where compressors of unequal capacities 
are installed, the standby compressor unit must be 
taken as the largest capacity unit. 


Compressor capacity control by effectively cutting in 
and out the operation of cylinders by automatic 
capacity reduction unloading gear is not acceptable for 
the duration of the test. The compressors must always 
be set to 100°% full load conditions, for reasons that the 
percentage capacity reduction equipment as indicated 
on the machine is not sufficiently accurate in represent- 
ing the percentage full load duty as supplied by the 
manufacturer’s compressor output performance curves 
or other data. 

The compressors will then cycle on a stop start basis 
over the test period whilst maintaining the cold chamber 
temperatures. 

It is not necessary for the chamber temperatures to be at 
exactly the notation temperatures, but more important 
that they are held as steady as possible, and the tempera- 
tures at the start and finish should not vary appreciably. 
A short simple functional test can then be carried out 
after the test period to ascertain that the installation can 
attain the lowest notation temperatures. 

It is helpful sometimes, in particular on applications of 
marginal capacity, to simulate the design condensing 
conditions as near as possible so that final capacity 
assessment inaccuracies are minimized. 


refrigerated store subject to solar radiation heat gain 
require that care must be taken to record the dry bulb 


temperature at this surface, and this is not to be con- 
fused with the temperature recorded by a thermometer 


lying in the direct sunlight. The additional effect, if any, 
of solar radiation on any exposed surfaces will be 
allowed for by Headquarters during the final assessment 
calculations. Where back pressure control valves are 
installed for dual temperature chambers it should be 
ensured that the valves have been set to the maximum 
opening for the low temperature control range, or the 
additional pressure drop across the valve will penalise 
the capacity of the installation. 


Compound compression 


systems with intercoolers 


incorporated in a single machine are not often used now 
on modern large cold stores, and the common system 
is to compound separate compressors in a dual suction 
temperature system—as previously described. 
However, where single unit two stage compressors are 
installed it is important that the interstage pressure at 
each respective evaporator and the condenser gauge 
pressure is within the limits given by the manufacturer’s 
capacity data, or in accordance with information 
supplied by Headquarters. 


‘Hours run meters’, fitted to the compressor electrical 
control panel are essential for the test, even if of a 
temporary nature. Likewise they must also be fitted to 
the evaporator fan motors to record the total hours 
running time during the test period. Normal chamber 
temperature control method is via a thermostat con- 
trolling the evaporator fan motors, and the cycling of 
fans at the temperature set point would otherwise prove 
difficult to record. 

Similarly, ‘hours run meters’ would help if fitted to 
refrigerant tiquid circulating pumps, although this is not 
quite so important because the liquid pumps usually 
run continuously on multiple evaporator circuits and 
the engine room observer during the test period should 
quite easily be able to log the on/off cycle times. 

The power consumption of the evaporator fan motors 
and liquid refrigerant pump motors should be taken by 
wattmeters, and ideally just prior to the test period so 
that the power consumed is representative at the prevail- 
ing test conditions. Where wattmeters are not available, 
amp and volt meter readings may be used, provided 
their respective power factors are known. 

It is useful if arrangements have been made for an 
outline or basic log to be kept during the cooling down 
and stabilizing periods so that the Surveyor can get 
some idea how the installation may be expected to 
perform during the test period, and then arrange for 
any final adjustments that may be necessary. 

The following should be logged at hourly intervals for 
the duration of the test :— 


(1) 


There are various ways of achieving the design conden- 
sing temperature condition depending on the type of 
condenser type :— 


On water cooled condensers it is simply a matter of 
throttling the water outlet valve or in some cases it 
might even be possible to operate a re-circulation 
system so that the design condenser cooling water inlet 
temperature is achieved. 

For air cooled and surface evaporative type condensers 
the design condensing temperature could be obtained 
by air flow restriction. Jn all cases, these adjustments 
should only be carried out by, and with, the complete 
co-operation of the commissioning engineers. 

The overriding importance should, however, be a 
reasonably steady condenser gauge pressure for the 
duration of the test. 

The condenser liquid temperature, leaving the conden- 
ser or liquid receiver must in all cases be recorded, and 
if a thermometer pocket has not been fitted for this 
purpose then an adequate form of clip-on type thermo- 
meter should be temporarily fitted. This temperature 
indication is necessary to establish the condenser sub- 
cooling effect so that it can be related to the refrigerating 
capacity in the final assessment calculations. 

All evaporators should be thoroughly defrosted prior to 
the test period, since maximum utilisation of the 
evaporating surface is important for a fair and objec- 
tive test. Partially defrosted evaporators will have the 
effect of reducing the maximum heat transfer surface, 
thus increasing the temperature difference of the air to 
refrigerant temperature for the same heat load demand, 


e 


Ambient shade temperature. 


and the corresponding lower compressor suction pres- (2) External temperatures adjacent to cold chamber 
sure will of course reduce the plant capacity, the result- surfaces. 

ing performance therefore being penalised. In view of (3) Internal temperatures of chambers. 

the importance of this a close visual inspection is (4) Number of compressors running. 

recommended, where it is quite often found that whilst (5) Running hours of each compressor. 

the evaporators appear defrosted at the air delivery side (6) R.P.M. of each compressor. 

the return air side (behind the evaporators) is not eetsy . . 

completely free of ice—and an extended defrost cycle is (7) Power consumption of each compressor. 
recommended. (8) Suction gauge temperature at each compressor. 
The defrost timing devices should be set to ‘overrun’ (9) Suction (gas) temperature at each compressor. 
during the period for the test so that the defrost cycle (10) Discharge gauge temperature at each compressor. 


(11) 
(12) 


Discharge (gas) temperature. 

Refrigerant liquid temperature either leaving the 
condenser or liquid receiver (but before any liquid 
suction heat exchangers). 


does not upset the steady test conditions of the plant. 

Air temperature thermometers should be hung in their 
respective positions approximately 150 mm away from 
each insulated surface. External walls and ceilings of the 


o 
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Volumetric Efficiency against Pressure Ratio 


(13) Power consumption and hours running time of 
air coolers fans for each chamber and liquid 
refrigerant circulating pumps where applicable. 


Having drawn up the log sheet it is worth the extra 
effort to additionally identify each recorded instrument 
reading with a simple numbered sticker tag, so that later 
during the actual test each reading can be directly 
referred to by number and thus eliminate possible 
confusion when several people are busy taking readings. 
On completion of the test the logs can then be examined 
and from the readings obtained an assessment of the 
installation capacity can be made as follows :— 


Compressor Capacity 


Manufacturers of compressors usually rate the perform- 
ance of their machines initially on the basis of their 
volumetric efficiences at the various suction and dis- 
charge pressures found from test bed data, and then 
provide capacity performance curves or tabulated data 
converted for use with each particular refrigerant. 

In cases where only the volumetric efficiency curves are 
provided compressor capacity is calculated from basic 
principles; and an example of this for a typical R717 
low stage compression system on a cold store is as 
follows :— 


Refrigerant R717 
Suction absolute pressure 0,083 N/mm? 
Suction gauge temperature 

(saturation) eee ee 
Suction (gas) temperature =32;8°C 
Discharge absolute pressure 
(interstage pressure) 
Discharge gauge temperature 
(saturation) —7,8°C 


Compressor Dimensions 


Number of cylinders 6 

Bore 100 mm 

Stroke 80 mm 

Speed 1470 rpm. 


1 2 3 4 5 6 
P2/P, 
a , 0,318 38 
ressure ratio 0,083 
and from Fig. B Volumetric efficiency 
= 78% 
Fic. B 


2 


P, for 6 cylinder 


compressor. 


P absolute pressure N/mm? 


0,318 
4:4K suction 
superheat \ \ 
Evaporating 
0,083 a 
=32,8°C 
hy e 
Enthalpy kJ/kg 
Fic. C 


P.H. Diagram 


Enthalpy change = hg — hf = 1401 — 145 kJ/kg 
1256 kJ/kg 

Specific Volume of suction vapour at condition, 
—32,8°C and at an absolute pressure of 

0,083 N/mm? = 1,385 m*/kg 
Compressor Swept Volume 

100? x 7 ‘ 78 
= 6 x ———— _» x 10-9 x 1470 x — 
6 a 80 x 10 1470 100 


= 4,32 m‘/min. 
Then compressor capacity at given suction and discharge 
conditions: 
_ 4,32 1256 x 60 
7 1,385 
= 235 058 kJ/kg 


It can be seen that the compressor capacity relates to 
the evaporator duty since the refrigerant mass flow 
pumped by the compressor is a function of the liquid 
evaporation and it is in calculating the compressor 
capacity that the effective evaporator duty is established. 


Correction for sub-cooling and superheating 


The effect of liquid subcooling has already been shown, 
and where subcooling beyond the manufacturer’s 
particular condenser design characteristics is recorded, 
a correction for capacity must be made. 

An example for a typical R717 System, reference to 
Fig. D is given below:— 


Condensing absolute pressure 1,11 N/mm? 
Condensing gauge temperature 28,3°C 

0,078 N/mm? 
Suction gauge temperature —38,3°C 


Suction absolute pressure 


Suction gas temperature —32,2°C 
Condenser liquid temperature 20°C 


Compressor capacity taken from compressor manufac- 
turer’s Performance Curves, 


@ conditions —38,3°C suction gauge temperature to 
28,3°C condensing gauge temperature 


= 152,409 WATTS 


oP absolute pressure N/mm? 


Total heat rejection 


= 
= 
= 


iquid subcooling 


20°C 
LIQUID 


° 
~s 
ioe) 


LIQUID and VAPOUR 


—— T=Constant Temp 
——- V=Constant Volume 
— — S=Constant Entropy 6§4, 


~ Enthalpy kJ/kg 


Refrigerating effect no subcooling 


' Discharge line 
fpressure drop 


Superheat J \hg 


~38,3°C 


= -~ 


Refrigerating effect 8,3K subcooling 


Fic. D 


Referring to Pressure Enthalpy chart for R717, Fig. D. 
Enthalpy change, i.e. liquid to vapour 


hg—hf, = 1402,9—314 kJ/kg = 1088,9 kJ/kg 
and mass flow of refrigerant through evaporator, 


152 409 x 3,6 
but, enthalpy gain due to condenser liquid subcooling, 
hf, —hf, 


= 314—274,4 = 39,6 kJ/kg 


and additional heat content @ mass flow 


39,6 x 503,8 x = 5 542 WATTS 
then, total compressor capacity 
= 152 409+-5 542 WATTS 


= 157951 WATTS 
OR, 
Expressed in terms of percentage capacity gain due to 
condenser liquid subcooling 

5 542 

152 409 
For R12 and R22 systems the gain in capacity due to 
the liquid subcooling effect in condensers is generally 
reckoned to be 0,9°% per K. 
The gain in capacity due to condenser subcooling is not 
to be confused with total liquid subcooling, to be 
expected when liquid-suction heat exchangers are 
installed. Depending upon the type of refrigerant used 
in the system, there is not necessarily an appreciable 
gain in capacity due to liquid subcooling through a 
liquid-suction type heat exchanger. Excepting for 
certain systems using screw compressors the thermo- 
dynamic advantages in subcooling the liquid are usually 
offset by the heat exchange and superheating of the 
suction vapour. 


= 100% = 3,64% 


Furthermore, correction for suction superheating is not 
usually necessary since most compressor capacity data 
incorporate a nominal 5,5K suction superheat, and any 
superheat appreciably more than this should be referred 
to Headquarters for analysis which involves a rather 
more detailed investigation and should be ignored for 
the purpose of the site calculations of the plant capacity 
assessment. 

Where compressor discharge gauge pressures differ 
from the design condensing gauge pressures, an ap- 
proximate correction can be made by interpolating 
between the manufacturer’s data for capacities at 
various condensing pressures where given, or alterna- 
tively referring to Headquarters. 

Correction for the R.P.M. of compressors is pro-rata 
to the speed given in the manufacturer’s capacity data. 


Final Assessment Calculations 


From the test results the final assessment calculations 
can then be made to find if the capacity of the installa- 
tion is sufficient to satisfy classification requirements. 
A very much simplified formula for calculating capacity 
for both the 24 and 12 hour test period is given as 
follows :— 
Compressor capacities during test at corrected 
values for average conditions (1) 
Estimated total compressor capacities at 
design conditions from manufacturer’s com- 
pressor output performance data (if different 


from above) (2) 
Compressor total running time during test 

(stop to stop) hours (3) 
Temperature difference, between average 

ambient and average internal chamber 

temperatures during test (4) 
Temperature difference, between design 


ambient and chamber temperatures 


For which, total compressor running time hours/day at 


; as Cpl (S) 24 
design conditions, — X —x (3) x ——_———_ 
( hours test period 


and should be < 20 hours. 


However, due to the nature of the simplicity of this 
calculation there are of course certain minor inaccura- 
cies, some of which have already been explained; hence 
a result acceptable up to a maximum only of 20 hours’ 
compressor running time per day. Provided then that 
the Surveyor is satisfied overall with the results of 
the test then an interim certificate for the cold store at 
the required temperature notations may be issued. 
Where the test results indicate a compressor running 
time per day more than 20 hours, the inherent inaccura- 
cies involved will warrant a deeper consideration and 
the full set of test logs should be submitted without 
delay to Headquarters for a more intensive and accurate 
assessment. 


In this instance the test data required will fall basically 
under two categories :— 


1. Air temps. recorded adjacent to each external 
surface of insulated envelope as previously described 
and air temps. recorded for each chamber. 
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2. Logs of refrigeration plant, including details of hour 
running times for air cooler fans, and liquid refriger- 
ant pumps, each with their respective power con- 
sumption valves. 

Finally, from test logs and calculations already carried 
out at Headquarters for the heat leakage assessment 
values for the various external surfaces, a revised 
Maximum Permissible Ratio (M.P.R) of plant capacity 
to total heat load is calculated in a similar manner for 
marine installations (see Reference 1). Various adjust- 
ment corrections are incorporated in the revised calcu- 
lations as obtained from the actual plant operating 
conditions, including such items as measured fan heat, 
temperature difference between chamber space and 
compressor suction gauge, etc., and then finally com- 
pared to the Test Ratio (T.R.) 
Where the T.R. is found to exceed the M.P.R. for the 
design notation temperatures, a certificate cannot of 
course be issued 
In this instance, itis usual to carry out further calculations 
to establish the higher chamber temperatures at which 
the T.R. will at least equal the M.P.R., and provided 
that these modified temperatures are within reasonable 
limits they can then be offered to the Owners as the 
revised notation temperatures acceptable for the classi- 
fication of the cold store in its existing condition. 


APPENDIX II 


TYPICAL FIRST ENTRY REPORT FOR NEW REFRIGERATED STORES @ 


LLOYD’S REGISTER OF SHIPPING 


71, Fenchurch Street, London, EC3M 4BS 


This is to Certify that at the request of... es 


the undersigned Surveyors to this Society did attend at (Name and Address of Refrigerated Store) between 19th July, 1976 and 
16th April, 1977 for the purpose of examining during construction the insulation of the Store, the installation of the Refrigerating , 
Plant and Testing on completion, in order to recommend the Store for classification by this Society and for inclusion in the 


Register Book. 
The total cubic capacity of the Store is 16 542 cubic metres consisting of two chambers designated numbers 1 and 2. 


The insulation has been erected in accordance with the approved specification and plans, and consist of the following :— 


External Walls :— 150 mm thick sandwich panels 1,2 m wide having polyurethane core between 0,61 mm galvanized sheet 
steel skins the internal skin having PVC coating, and fastened to external horizontal steelwork. 

Internal Walls :— 125 mm thick sandwich panels as above. 

Ceilings :— 175 mm thick sandwich panels as above. Supported from the roof steel structure by suspension wires. 


All panel joints are sealed with mastic sealing compound and cover strips pop riveted to the skins. 
Floor :— 150 mm polystyrene in two 75 mm layers with staggered joints over 1000 gauge Visqueen sheeting vapour 
sealing, and covered by 125 mm reinforced concrete. A 150 mm by 225 mm high concrete curb has been 


formed at the base of each wall. 
The subfloor is fitted with underfloor heating provided by circulating warm Glycol through steel pipes in 


suitable sections. 


Access to the chambers is by means of four pneumatically operated sliding doors and internal plastic curtains, to restrain heat 

flow ingress during opening of doors. 

An Emergency Door is fitted at opposite ends of each chamber. All Door frames are fitted with heating strips, all doors can be 
opened manually from inside and are complete with alarm push buttons and emergency lighting fitted above the doors. Y 
The Refrigerant used in this store is R717 (NH3). 

The Refrigerating machinery has been constructed to approved plans under survey at the maker’s works and consists of :— 


Compressors :— Five off eight cylinder SA Com. Compressors 125 mm bore and 100 mm stroke, direct driven at 1450 rpm 
by means of 115 KW electric motors. 
Makers :— 
Serial Nos. :— 
Certificate Nos. :— 


Condensers :— Three off forced draft evaporative condensers having two circuits each. 
Type :— 
Maker :— 
Certificate Nos. :— 


This Certificate is issued upon the terms of the Rules and Regulations of the Society, which provide that:— 

“The Committees of the Society use their best endeavours to ensure that the functions of the Society are properly executed, but it is to be 
understood that neither the Society nor any Member of any of its Committees nor any of its Officers, Servants or Surveyors is under any circumstances 
whatever to be held responsible or liable for any inaccuracy in any report or certificate issued by the Society or its Surveyors, or in any entry in the 
Register Book or other publication of the Society, or for any act or omission, default or negligence of any of its Committees or any Member thereof, 
or of the Surveyors, or other Officers, Servants or Agents of the Society.” 


N. (Rpt. 10c.—Lon.) 3m,12,69 (MADE AND PRINTED IN ENGLAND) T 3 
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Air Coolers :— Four air coolers are fitted in each chamber. Each cooler has a total surface area of 376 m? and is fitted 
with two fans driven by 4 KW motors. 


@ Defrosting is by means of hot gas in the coolers and drip trays and electric heater tapes on drain pipes. 
Maker :— 
Certificate Nos.: 

Pressure Vessels:— Five off Oil Separators. 

One Liquid Receiver. 
One Inter Cooler. 
One Surge Drum. 
Two Oil Recovery Vessels. 


Maker :— 
Certificate Nos. :— 
Two Liquid Refrigerant Pumps each driven by 3 KW electric motor. 
Maker :— 
Type :— 


Three Condenser Water Circulating Pumps each driven by 5 KW electric motor :— 
Maker :— 
Type:— 


Refrigerant Pipe System 


@ All refrigerant piping has been installed to approved plans and all welding carried out by qualified welders. On completion 
all pipework was pressure tested with nitrogen at 1,47 N/mm? (15 kgf/cm?) and found satisfactory. 


The Electrical Installation has been installed in accordance with the approved plans, in compliance with the IEE recommendations 
and to the satisfaction of the local Authorities. On completion, all circuits were megger tested and found satisfactory. Only one 
transformer is fitted but a standby diesel generator is installed, the generator has sufficient power to maintain the required temper- 
ature in the store in closed condition. 


Fire Fighting Arrangements have been installed to the requirements and satisfaction of the local Authorities. 


Automatic Controls :— 


The Store is designed to operate unattended for periods up to 24 hours. 
Thermostats, placed within the chamber, control the operation of the compressors and associated plant. 
Chamber temperatures are recorded automatically both on a Controller for Room temperatures and on recording charts. 


A Refrigerant leak detector device is fitted, set to initiate audible and visible alarms at 2°4 by weight R717 concentration in engine 
room and cause main switch, situated in a safe place, to isolate control switchboards in the hazardous areas and to start the exhaust 
fans and flameproof emergency lighting for the engine room. 


Working Conditions 
On completion the machinery and insulation were examined and found satisfactory under working conditions for a period 
of 12 hours whilst maintaining a mean temperature of minus 29°C in Chambers | and 2, with average ambient temperature at 11°C. 


During this period compressors 2 and 3 were shut down and compressors 1, 4 and 5 ran for 8.1 hours at 1445 rpm with 
(<1 LP suct. —38°C, LP disch. —15°C, HP Suct. —16°C and HP disch. 17°C, total Compressor Amps 312 and total Fan Amps 96.6. 


Notation 


The above Cold Store and Refrigerating Plant have been constructed under Special Survey in accordance with the Society’s 
Rules for Refrigerated Stores and in accordance with the various approved drawings and Secretary’s letters. 


This Store is in our opinion eligible to be recommended for class and included in the Society’s Register of Refrigerated 
Stores and Container Terminals with the temperature notation:— 


*kLloyd’s RSC 4/77 
Chambers | and 2 for temperature minus 29°C. 
URSI. 


@ Surveyors to Lloyd’s Register of Shipping 


APPENDIX III 
TYPICAL SURVEY RECORD FOR REFRIGERATED STORES 9 


Items Ist Year 2nd Year 3rd Year 4th Year 


Annual Survey 


Machinery work Cond. 


Chambers work Cond. 


Chambers temp. noted 


Log book noted 


Auto. Contr. and alarms 


Fire extinguishing 


Additional for C.S. and S.S. 


Insulation and lining, etc. 


Chambers No. | 


Under floor heating | 


Air coolers and fans Chamber No. 


Cooling grids Chamber No. | 


Refrig. piping insulation 


Press. vessel insulation | | 


HP Compressor No. | 

| 
LP Compressor No. 
Air cooled Cond. No. 


S & T Condenser No. 


Cooling tower and fans 


Evap. Cond. and fan’ No. 


Cooling water pump No. 


Liquid refrig. pump No. 


Pressure vessels ext. 


Refrig. piping ext. 


Press. relief devices 


Electr. install. megger tested 


Defrost arrgt. tested 


Chamber thermometers tested 


Transformer oil tested 


LES LIU 1 be rn hatte arate ac sewed ee Fee k wth teh bes lee ine 


Remarks.......... 
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SHIPPING INFORMATION SERVICES 


by J. P. CASHMAN 


SUMMARY 


This paper has been produced to acquaint the reader 
with the work and objectives of the Shipping Information 
Services Group. 

The historical background from the origins of the 
Society’s formation to the subsequent development and 
structure of the Group is discussed, followed by a descrip- 
tion of the co-operative working relationship with Lloyd’s 
of London Press Ltd and the involvement within a separate 
on-line data company. 

The important aspects of the sources from which the 
Group’s data is derived, the demand for services and the 
relation with other departments are described. 

A brief look to the future is followed by a summary of 
conclusions which are intended to indicate the value of 
Shipping Information Services Group to the Society and 
the shipping community as a whole. 
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1 INTRODUCTION 


Collecting, processing and disseminating information have 
been, and will continue to be, integral functions of every 
successful business enterprise. 

Many years ago, when the majority of businesses were 
small family concerns, the need for sophisticated informa- 
tion hardly existed. The principal, or owner, of a company 
would formulate his decisions from a mixture of experience, 
speculation and instinct with the addition of a little gossip 
passed on by close associates. Much information which 
may have been collected was often considered to have little 
intrinsic value and was virtually given away to other 
organizations provided they were not in competition. 

Recent years have witnessed the growth and development 
of the huge multinational complexities which we know 
today. The demand for information to assist in efficient 
operation has grown with every phase of development. 


Nowadays there is an increasing awareness of the 
importance of the role which information in general plays 
in business operations. There is an even greater awareness 
for organizations to satisfy their needs to the extent that 
few decisions of a major nature are now made by managers 
and directors without the support of detailed investigation 
and planning based on reliable data. It is hardly surprising, 
therefore, that companies which collate information for 
their own purposes have gradually realized its value and 
potential as a marketable product. Such is the case of the 
maritime community which relies heavily on the circulation 
of basic shipping data. 

Lloyd’s Register is an established and respected member 
of this community and has been engaged in collecting and 
generating shipping information in one form or another for 
more than 200 years. The Society has recognized 
the value of the vast stores of data it possesses and with 
the formation of the Shipping Information Services Group 
(SISG), it has created an outlet through which such data 
can be made available to the shipping community as a 
marketable product on a profitable basis. Indeed, the 
Society itself requires a service for its technical staff 
which is complementary to that provided by the Technical 
Records Office. 

The purpose of this paper is to explain the role of the 
Shipping Information Services Group. 


2 HISTORIC REVIEW 


2.1 Background 


According to its constitution, Lloyd’s Register of Ship- 
ping is first and foremost a technical organization engaged 
in the survey and classification of ships and its involvement 
with the dissemination of shipping information originated 
in 1764 and Fig. 1 shows a typical page of the Register 
Book at this time. The very name “Lloyd’s Register” is 
derived from the oldest and most renowned publication of 
this name. 

The first Register Book was established and supported 
exclusively by underwriters for their sole use, but in 1799 
a rival book was published by a committee formed by 
London shipowners. It was not until 1834 that the two 
Registers were merged and Lloyd’s Register of Shipping 
as a new Society came into existence, thus parting company 
with the underwriters, who have now become the world- 
famous Corporation of Lloyd’s. 

Now, after nearly 150 years, the two organizations have 
recently agreed to work together again in a joint venture 
centred on shipping information. 


2.2 Shipping Information—the Published Word 

It was not until the mid-1880’s that the first universal 
Register Book was published listing all known sea-going 
merchant ships in the world of 100 gross tons and above. 
Inevitably, listing ships alphabetically in a book was not 
sufficient to satisfy commercial needs for information and 
there came a time when people wanted to know answers to 
questions such as “How many .. .?” and “How big. . .?”. 

It was natural, therefore, that in 1885 the Society should 
produce the first Statistical Tables analysing the huge book 
for details of size, propulsion, material and age, in par- 
ticular. In quick succession, complementary publications 
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Publications produced by Shipping Information Services 


Group. 


tabulating shipbuilding and casualty data on a worldwide 
basis were compiled from the mass of information arriving 
daily at headquarters in London. All calculations were 
carried out manually but the basic principles of data 
collection and presentation adopted nearly a century ago 
still apply today. The amount of data recorded, however, 
is now far more extensive and, of course, the methods of 
processing have changed over the years, particularly during 
the last 20 years. 

Before developing the description of SISG services with- 
in the specialized media of computerization, it is appro- 
priate to mention the aspects of the work which supplement 
the mechanized systems and which are performed in the 
traditional manner, with manual clerical effort supported 
by letterpress print procedures. 

Apart from the Register Book, Statistical Tables, Ship- 
building and Casualty Returns, S1SG is responsible for the 
collation and processing of information related to the off- 
shore industry and recently it gave us great pleasure to 
produce a new publication called “Register of Offshore 
Units, Submersibles and Diving Systems”. Information is 
also collected and published concerning Wet and Dry 
Docks, Shipbuilders, Shipowners and Telegraphic Addres- 
ses. Details of thousands of yachts are recorded in the 
“Register of Yachts”, a book second in size only to the 
Register of Ships itself. A selection of publications pro- 
duced by SISG is illustrated in Fig. 2. 

Even today the production of these publications relies 
heavily on the expertise and knowledge of individuals with- 
in the organization, including the many engineers, naval 
architects, metallurgists and other professionals employed 
by Lloyd’s Register throughout the world. 


2.3 Shipping Information and Computerization 


It has been said that one of the major problems we may 
face in the future could be that there will be so many 
computers built in the next decade that there will be 
insufficient data to feed them. In Lloyd’s Register this 
problem is not likely to occur. As with most successful 
organizations, the use of computers is increasingly central 
to the work of nearly every department of the Society, and 
between 1972 and 1974 the computing work-load in the 
organization grew by a factor of some 20 times. Much of 
this was due to the boom in iecent years in shipbuilding 
and oil rig construction and the resultant large increase in 
the amount of technical computations undertaken by the 
Society, but an increase in the use of the computer for 
storing and handling data of a basic and more general 
nature has also played a significant part. 

In 1963 basic shipping statistics were produced from a 
computer file for the first time. The data was held on mag- 
netic tape under the control of an outside bureau. This 
data was previously derived by hand, using techniques 
developed with tabulating machinery and stored in coded 
form. Over the past 15 years methods of accessing 
this coded data have been improved year by year. This has 
culminated in a file holding most of the basic details of 
almost 70,000 merchant ships in the world fleet. Specialized 
systems to handle technical data relating to LR ships were 
developed for Technical Records and _ Classification 
purposes. 

In 1972 the increasing demand from other areas within 
the Society for computing capacity led to the installation 
of substantially larger computing facilities, and it was then 
possible to undertake the massive exercise of transferring 
to computer files the more comprehensive details of the 
world’s fleet contained in the Register Book. 

The entire exercise took over three years to complete 
and during this time the information had to be updated as 


new details became available daily. More than 2,000 
validity checks were built into the updating program to 
ensure accuracy and consistency of the highest order. At 
the same time, preparations were made for the production 
of the Register Book directly from these computer files 
using photo-typesetting techniques. The first computer 
produced edition of the Register Book was published in 
1975, followed by monthly Supplements, which are issued 
on a cumulative basis for the convenience of the user. A 
typical page of the 1977-8 Register Book produced by 
photo-typesetting techniques is shown in Fig. 3. 

A similar exercise was undertaken to establish on com- 
puter files the details of about 5,000 ships on order or 
under construction throughout the world. This proved a 
great success, and has made it possible to integrate more 
fully the information held about a ship from the placing 
of the order, the construction period, and its subsequent 
useful trading life, to the point where it becomes a casualty 
or is broken up. 

As a result of the increased integration of these files, the 
point has now been reached where the Statistical Tables 
and the Merchant Shipbuilding Returns can all be pro- 
duced directly from a single compatible source of data. 

Despite the considerable progress made, application of 
computer techniques to SISG data systems is not yet com- 
plete. Data relating to fires and explosions on ships has 
been available in mechanized form in Technical Records 
Office since 1960. The general aspects of this information 
will form part of a comprehensive mechanized casualty 
system which is being developed at present by SISG in 
association with the Corporation of Lloyd's. This is 
intended to satisfy more fully the needs of Lloyd’s Register 
for engineering information, those of the Corporation for 
underwriting information and, hopefully, the requirements 
of important international forums such as IMCO and the 
International Chamber of Shipping. A data base relating 
to shipowners, managers and their addresses which links 
up with the Register Book and New Construction systems 
has also been developed. These systems are continually sub- 
ject to review and improvement. 


3 THE SHIPPING INFORMATION 
SERVICES GROUP 


3.1 Objectives and Purpose 

The Shipping Information Services Group was formed 
in 1975 as a result of merging two existing departments, 
the Register Book Department and the Statistics Depart- 
ment. 
The Group was created: — 


(i) to reorganize existing working methods, to stream- 
line the various systems being developed by the two 
departments and to utilize available resources to the 
maximum. 

(ii) | to meet an increasing internal demand for a general 
shipping information service. 

(iii) to meet an increasing external demand for non-con- 
fidential information. 

(iv) to meet the increasing challenge of competitors. 

(v) to minimize overall costs by ensuring that redundancy 
of effort in collecting, recording and disseminating 
information within the Society was reduced when- 
ever practicable. 

(vi) to minimize duplication of effort by the Computer 
Department in support of the various systems. 

(vii) to ensure that the wealth of data recorded by the 
Society should be made available to the maritime 
community on a commercial basis. 


AROSIA REGISTER OF SHIPS 1977-78 
6928694 AROSIA 3894 1969 J. J. Sietas Schiffsw—Ham (623) M General Cargo Oil 4SA BCy. 450 x 550 
OGWA 2541 121,29(BB) 17,38 6.738 Mchy aft 2 61 ikW (3 500bhp) 
Partenreederei m.s. ‘Arosia’ 4230 GL 106.89 17,30 8.31 2 Ho Atlas-Mak Masch. Kiel 
Of Esd Peter Dohle Schiffahrts KG. P 253 B16.8 F138 2 dks G6623 B6310 Gen 2 X 320kW 1 X 48kW 
Ge Rdr Hamburg Federal Republic len 73 2 Ha (st!) (each 31.8 X 10.3) 380V 50Hz ac. 
RI m/v of Germany 4W Der 2(25) 2(15) Directional propeller aft 
Fuel 348, 5t (hvf) 15kn 
5150616 AROSIENNE 424 1962 J. J. Sietas Schiffsw—Ham (516) M General Cargo CSD Oil 4SA 6Cy. 320 x 450 
ONCB ex Schulau-76 250 61.30 10,06 3.912 373kW (500bhp) 
ex Hildegard Bulow-72 1050 GL 55,02 10.01 6.00 1 Ho 39.0 ER Klockner-Humboldt-Deutz Kin 
Of Esa C, Hinrich Brunckhorst 2 dks G1960 B.1790 Fuel (d.0.) 12kn 
Rdr AT Hamburg Federal Republic 2 Ha (18.1 * 6.4) (9.9 * 6.0) ER 
of Germany Der 4(3) 
6918223 AROSITA T.Mk 1969 J. J. Sietas Schiffsw—Ham (622) M General Cargo Oil 4SA BCy. 320 * 450 
OGWS ex John Wulff-76 499 73,87 4.014/6.046 1 044kW (1 400bhp) 
11213 Partenroederei m.s. “Arosita’ 338 GL 67.67 10.80 6.00 1 Ho 48.4 ER Klockner-Humboldt-Deutz Kin 
Df Esd Heinz-Georg Voge 1310 2 dks G2432 B2169 Gen 3 X 60kW 392V 50Hz ac 
Ge Rdr Hamburg Federal Republic 999 1 Ha (42.9 X 8.0) ER Fuel 101.5% (do) 13kn 
RIm of Germany 710 
2000 
6392513 AROUS 263 1950 Rosslauer Schiffswerft—Rossiau M Fishing Oil 4SA 8Cy. 240 x 360 
5B0J ex Wolgograd-70 84 38,28 7,32 3.252 Side-fishing 224kW (300bhp) 
321331  Arous Shipping & Fishing Co. - HR 3.61 2Ho ER Schwermasch. Karl Liebknecht Mgd 
Df Esd Ltd. 1 dk 10kn 
RT Limassol Cyprus RW 2 Ha (each 3,2 X 2.1) ER 
7041340 AROY 148 1970 Flekkefjord Slip. & Mask M Ferry Oil 6Cy. 137 & 165 
LNOS 52 —Flekkefjord (104) BOP 272kW (365bhp) 
Finnmark Fylkesrederi & 20 26.04 7.01 2.439 Mchy.aft Caterpillar Tractor Co Peoria 
Rar RT Ruteselskap 24.26 6.99 Fuel 11.0t (d.0.)-1.5pd Vico 
Hammerfest Norway 1 dk 
6919019 AROYBUEN 113 1968 Kr. K. Frostad & Sonner—Tomra M Fishing Oil 2SA 6Cy. 200 x 300 
LARV 40 (25)  Side-fishing 336kW (450bhp) 
John Kristiansen - 25.96 6,53 1 Ho ER Wichmann Mtrf Rub 
Hammerfest Norway 6.51 Fuel (d.o.) 10kn 
1 dk 1 Ha (2.4 X 2,2) ER 
5269132 ARPA 3736 100A1__ SS(TD) 7/75 1955 A/S Moss Vaerft & Dokk—Moss M General Cargo OSD Oil 2SA 8Cy. 620 X 1150 
SYRJ ex Palma-73 1921 DTmf & tunnel tanks— (125) 3:171kW (4 250bhp) 
6122 Kira Cia. Naviera S.A. 6350 vegetable oil 125.71 16.90 7.116 3Ho DT ER 2Ho Burmeister & Wain Cpn 
Of Esd Arapko Lines LMC 115,83 16,84 10.60 G.13159 B.11590 2 AuxB (1 of. 1 ex.g) 0.69MPa (7kg/cm?) 
Ge Rdr Piraeus Greece ELV 14#°SQ P83 F 26.9 Idk & Sdk 5 Ha (9.3 11.5 11.5 X 6,1) ER (11.5 Gen 3 X 160kW 220V dc. 
RT (NV) RW rf 102 11.5 x 6,1) Fuel 589.5 14.5kn 
SF Coll BH to S dk 6 to 2nd dk WB453T 12W Der 2(25) 12(5) 
5143687 ARPA SUN 4015 100A1 SS 6/75 1957 Kieler Howaldtswerke A.G—Kiel M General Cargo OSD/CSD Oil 2SA 8Cy. 700 x 1200 
svPP x Stern Hasselburg-74 2257 Tunnel tanks — vegetable (1070) 3 9B4kW (5 340bhp) MAN 
5257 ex Hasselburg-74 6669 oil 126,75 17,28 7 ,240/8,319 Kieler Howaldtswerke A.G. Kiel 
Ot Esd ex Volta Venture-73 6992 LMC 117,00 17,20 10,67 G12519 B.11379 Gen 3 X 200kW 400V 50Hz ac. 
Ge Rar ex Hasselburg-72 3495 ELW 24°SQ P 14,1 B 25.0 F 27,2 1 dk & S dk 5 Ha (stl) (8.8 10.89,39.39.3 * 6.1) Fuel 743.51 15.5kn 
RT Marivana Maria Cia. Na 8560 (GL) RW rf 152 16W_ Der 1(50) 1(25) 16(5) 
S.A. 6BH to U dk 1 to 2nd dk WB1802T incl 
Arapko Lines tunnel tanks 795T 
Piraeus Greece 
6826171 ARPAD 23358 %100A1 CS 1/74 1969-3 Baltic SB & Eng. Wks—Len M Bulk Carrier Oil 2SA 8Cy. 740 xX 1600 
TCME ex Rigoletto-76 13767 strengthened for heavy (624) 8 952kW (12 O00bhp) Baw 
4438 Denizcilik Anomin Sirketi 36010 cargoes, Nos. 2,4 & 6 199,83(BB) 27.87 11,240 pt higher tensile steel Bryansk Eng. Works Bryansk 
Df Esd Istanbul Turkey holds may be empty 185.76 27.81 15,60 7Ho 21.9 26.8 15.2 15.2 15.2 AuxB (0.f) 0.49MPa (5kg/cm?) 
Ge Rdr Ice Class 3 P 37,2 F 17.1 1 dk 28.0 16.7 ER AuxB (ex.g) & htr 0.69MPa (7kg/cm’) 
RT imc rf nil G43 480 rev 0.49MPa (5kg/cm*) 
EL Wt) 2j°U2) NS 9BH WB12050t incl. Comb. btm & 9 Ha (stl) (each 12.9 X 9.3) ER Gen 3 X 300kW 400V 50Hz ac 
topside tanks in Nos. 2-6 holds 8030t Cr 6(10) Fuel 2 540.0t (hvf)-43,5pd 16.75kn 
6813186 ARPEC V 136 1967 N.V. Schps. v/h H. H. Bodewes M Tug Oil 4SA BCy. 320 x 450 
FUWF = —Millingen (666) 
Societe d’'Armement et de Peche - BV 27.61 6,96 3.963 Klockner-Humboldt-Deutz Kin 
Esd Rdr (ARPEC) 25.18 6.58 4.02 Fuel (d.0.) 10kn 
RT Port Saint Louis Malagasy Republic 1 dk 
7236232 ARPOADOR TMk &100A1 1973-3 Stocznia Gdanska—Gdk M Generel Cargo/Container Ship Oil 2SA 6Cy. 900 xe1550 
PPNA 6976 DOTsf—vegetable oil (B444/10) Fixed-guides Ref 12 9BOkW (17 400bhp) Sulzer 
Empresa de Navegacao Alianca 3783 &LMC 161,02(BB) 22.99 9.722 pt higher tensile steel H. Cegielski Poznan 
Of Esd SA. — ‘Lloyd's RMC 150,02 22.93 13.29 5 Ho 21.1 22.1 23.0 23,0 22.2 AuxB (0.f.) 0,69MPa (7kg/cm?) 
Ge Rdr —Rio de Janeiro Brazil 10 182 EL Ct 29°U2 P§3.1 F 34.2 1 dk, 2nd dk clear of No.1 G19926 B.19237 In.1677 e(ex.g) 0,69MPa (7kg/cm*) 
RTv 5781 hold 3rd dk in Nos. 2, 3 & 4 holds C.Ho 54/20' C Dk 34/20" Gen 3 X 480kW 450V 60Hz ac 
12245 rf nil 9 Ha (stl) (8.7 * 5,3) (13.4 x 8.0) 
7BH to U dk 2 to 2nd dk WB26 291 incl (13.4 X 6.9) (13.4 13.4 x 5,3) 
Tunnel tanks 4431 (13.4 * 5.9)(13.4 13.4 * 5.3) (7.0 
x 6.6) 
16W Der 1(60) 1(30) 16(5) 
5282823 ARQUERO 6194 1956 Uddevallavarvet A/B—Udv (175) M General Cargo OSD/CSD Oil 2SA 6Cy. 760 x 1500 
H3GE ex Trude-74 ex Gruno Trude-73 3388 142.45 18,57 8 .046/9,056 6P 4 178kW (5 600bhp) Gotaverken 
6307-NI ex Hoegh Trude-73 10618 NV 131.43 18.52 12,35 5 Ho Uddevallavarvet A/B Udv 
Of Esd ex Gruno Trude-71 ex Porthos-70" 8622 1 dk & S ck G17471 B16914 Gen 3 X 200kW 220V dc 
Ge Rdr Arquero Cia. Noviera S.A. 4967 f 61 5 Ha (stl) (10.9 11.3 11,3 16.6 12.1 Fyel (hvf) 13,5kn 
Panama Panama 12782 x 7.9) 
16We Der 1(30) 4(10) 12(2.5) 1(1.5) 
6504747 ARQUITECTO GAUDI 943 %100A1 SS 1/73 1965-8 Ast. de T. Ruiz de Velasco S.A. M Cement Carrier Oil 4SA BCy. 270 x 500 
EERV ex Cementos Rezola Tres-75 674 —Bbo (92) 821kW (1 100bhp) Werkspoor 
Cemeniand S.A. 1341 #LMC 64.78 10.06 4.846 2 Ho each 16.0 ER Soc. Espanola de Const. Nav Cdz 
Of Esd San Sebastian Spain ELI 58.68 10.01 6.95 Gen 2 X 40kW 220/380V 50Hz ac. 
RTm F7.1 1 dk 2 Ha (stl) (each 0.9 X 1,9) ER Fuel 19.5t (d.o) Vikn 
rf 102 Der 1(3,5) 
NS 48H 
ARQUITECTO GAUDI 312 
Fic. 3 


A page of the 1977-8 Register Book produced by photo-typesetting methods. 


(viii) to ensure that the marketing and selling of informa- 
tion was carried out by a central group as part of 
the services provided by the Society. 


to augment the Society’s efforts in meeting its 
primary objectives as a classification society by pro- 
viding a well organized and up-to-date management 
information service. 


(ix) 


3.2 The Structure 
The Group comprises three departments : — 


(a) Operations Department 
(b) Services Department 
(c) Business Department 


The Operations Department is responsible for collecting, 
verifying and recording information into machine-readable 
files. 

The Services Department is responsible for the end-pro- 
ducts compiled from the computerized systems, mainly in 
published form, and the other information systems, 
management reports and administrative services to the 
Group. 

The Business Department is responsible for the market- 
ing, selling and the public relations aspects of disseminating 
shipping information. The department’s affairs include the 
smooth operation of the Data Centre in Lloyd’s Avenue. 
This is a specially designed office on the Society’s premises 
where SISG and Lloyd’s of London Press Ltd (LLP) pro- 
vide staff to advise and administer through their joint 
resources to the needs of clients for specialized data. 


3.3. The Lloyd’s Connection 


Although many years have elapsed since the two 
organizations, Lloyd’s Register and the Corporation of 
Lloyd’s, went their own ways, they have remained only a 
stone’s throw apart in terms of geographical location. Over 
the years, the Corporation of Lloyd’s and Lloyd’s Register 
have worked together closely, with underwriters insuring 
ships classed by the Society virtually without question. 
Underwriting interests, along with those of the shipowner 
and the shipbuilder, are represented by membership of the 
General Committee of Lloyd’s Register. 

Since the eighteenth century the Corporation of Lloyd’s 
has recorded information on the movements of ships to 
and from major ports in the world and an early copy of 
Lloyd’s List dated Sth October 1702 is shown in Fig. 4. 
Within this period of time publications have been intro- 
duced meeting a wide variety of shipping requirements 
from Law Reports to a Maritime Atlas, as well as provid- 
ing an efficient shipping intelligence service. To manage 
this part of the Corporation’s business, a subsidiary com- 
pany was formed in 1974 and named Lloyd’s of London 
Press Limited (LLP). The following year, LLP and the 
Society decided to work more closely together in a venture 
related to data activities, making a wide range of data 
available through the Shipping Information Services centre 
situated on the Society’s premises in London. 

The co-operation was first suggested on an official basis in 
1972. Both bodies regarded it as something of an anomaly 
that an enquirer should have to contact Lloyd’s Corpora- 
tion for news of the latest casualties and Lloyd’s Register 
for lists of casualties; Lloyd’s Corporation for movements 
of ships, and Lloyd’s Register for details of the ships. 
Between them, it was felt that the two bodies had a unique 
wealth of past, immediate and long term information, 
derived from two world-wide intelligence systems built up 
over many years. This would be made available to the 
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marine industries on a regular basis as soon as computer- 
ization of the files had reached a suitable stage of develop- 
ment. 

Lloyd’s of London Press possesses two PDP-11 /45 com- 
puters in its office complex at Colchester in Essex, England. 
It produces two daily publications, Lloyd's List, one of 
the world’s best known daily newspapers covering insurance 
and the marine industries, and Lloyd's Shipping Index, 
which details the movements of some 20,000 ships. It also 
produces the weekly Lloyd's Voyage Record publication 
and Lloyd's Loading List. Between them these publications 
detail basic ship particulars and movements throughout the 
world and supply constantly updated information about 
losses, damage and casualties. All these publications are 
produced using photo-typesetting techniques from com- 
puterized files. 

The intelligence network which makes these remarkable 
publications possible consists of agents, sub-agents and 
special correspondents working in some 1,800 ports around 
the world. In general, the agents are, of course, primarily 
involved in dealing with insurance claims on behalf of the 
Corporation of Lloyd’s, but the provision of data for the 
intelligence system is part of their duties. In fact, when the 
network was set up 150 years ago, ship movement informa- 
tion was the prime responsibility of the agents. The agents 
derived their information partly from their own observa- 
tions and partly through the courtesy of port and customs 
authorities, local ships’ agents and others. The equally 
valuable casualty information which agents supply is gained 
from these same sources, together with contacts they have 
developed with life-saving services and coastal radio sta- 
tions. 

The information gathered by the agents pours in to the 
Colchester headquarters in the form of telexes and cables 
24 hours a day, 365 days of the year. As soon as it arrives, 
the movements copy is instantly fed to the editorial staff 
of the publications. Each editor is responsible for a different 
geographical area and updates the computer data bank. 

The editors are key figures in maintaining the accuracy 
of the Shipping Movements—Voyage History data bank. 
Much the same as the Society’s SISG staff, they have 
developed a special expertise and can tell from experience 
whether the information is correct; whether, for example, 
the reported movements of particular ships would entail a 
plausible rate of knots. 


3.4 Maritime Data Network Ltd. 


Until recently, the computerized information services 
provided by SISG had been in the form of hard-copy 
print-outs and magnetic tapes. These services met, for the 
most part, the requirements of clients for marketing pur- 
poses and for establishing their own data bases. 

A growing demand in certain areas of the maritime com- 
munity for the facility of being able to access directly the 
various data files led to the Society, together with LLP and 
two other large organizations, joining forces with an 
American software house to form Maritime Data Network 
Ltd. 

This joint company promotes certain aspects of the 
information supplied by SISG in the form of “libraries”, 
which can be directly accessed on-line to a computer using 
a terminal and then linked by telephone within the office 
of the enquirer. Subscribers to the system pay a fee for 
“membership” and each enquiry into the data files incurs a 
royalty which is passed to the owner of the library which is 
accessed. 

It can be seen that SISG is now able to provide basic 
data to its clients in every practicable form. 


A LIST of SHIPS that are Sail’d from England, for 
Eajl-India and China, and chat are noc Return’d or known in England to 
Mifcarry, and to whom they belong. 

Nore, O, ands for Old; E, tor Englith Company , and P, for Private Trade. 
Ships Names, Commanders Names Tons Guns Meo Where Bound. When Sail'd. 

P | Buckhurft Penluce 380 | 40; $0 | Mufeac Augutt 16. 1698 

E | Rook-Gally George Simons aso | 20 $° | Surrac Dito 1599» 

E | Limpoy Thomas Monke 190 | 16 | 130 | Stays in India February 22 

E | Albermarle William Beawes 352 | 28) %§ | Surrac April 24. 190% 

© | Marcha Thomas Raines 609 | qo | 8 | Bombay May 14 

P | Rebecca Thomas Maftia 420] fo 30 | Malegatcar June 2S. 

E | Borneo Henry Berry zoo | 24 | 56 | Bornco July 4 

© | New Advife Redhead 160 | 16 36 | Fore & Bay o 

+ E | Rifing-Sun Arthur Holford 4go | 12 37 | China November be 

E | China-Merchane Francis Hofier 170 | 14 35 Ditto 196 

E | SarahGally lohn Roberts 27$ | 22] 35 Dito Ditto 

© | Hamphhue Zachary Tovey 375 | 26 | 75) Port St. George December 2 

© | Bedford John Fudfon 759 | 46 | $0 Dino an 

E | Bengall Henry Trenwich 399 | 30 | 78 | Coaft & Bay January s 

P | Eakins. Frigate Stettell 22. 

O | Phoenix Thomas Lambert 4oo | 28 | 8 ay Ditto 

E | Degraves William Young $20 | 36 | 104 | Coaft & Bay February 19. 

+ P| Siphio George Luke Burwich | 490 | 26 | 70 | Coaft of India 20. 

© | Loyal Cooke Richard Bolton 93° | 30] 66 | Maderas & China March 3 

E | Sufannah William Inglecew 350 | 24] 70 | Surrac April 1, ton 

E | Catharine William Holeman 308 | 20) $8 | Bay 16, 

© | Nathanael Charles Hill aso | 26 $0 | Surrac 206 

E | Rebow Thomas Dennett 50) 14 30 Ditto Ditto 

© | Loyal Bis Robert Hudion 330 | 28 | 70 | Bombay 3 

ARO | Hern-Frigate John Lane 1g0 | 20] 30 Dirro {ane 35. 

© | John & Mary Bayly Kene aco | 16 4° | Bencola uly 1S. 

E | Upton-Gall John Cammell 180 | 16 | go | Surrar Aupuft ra 

Ez Macelesfeld-Frigare Thomas Roberts 312 | 30] 60 Sepember 1S. 

© | Orenzebe tohn Blewere 423 | 3° 87 | China 5 

© | Chambers-Frigate Thomas South 350 | 30 |] 70 Dito 

P | Conflanr Friend John Lackey 220 | 2a | 44 | Coaft of India November 2 

+ P | Profperous Hilliard 320 | 20} 40 Ditto 22. 

F | Canrerbury Enock Kingsford ago | a8 66 | China December ‘J 

E | Halifax Henry Hudion 340 | 20 | 70 Ditto Ditto 

E | Arabia-FaGor ‘Abram Jackfoo 149] 16 | 28 | Mocho Ditto 

E | Ubion lobn Palmer 208 | 20] 40 | China Jeousry t 

E | Robert & Nathansel john Smith ajo | 20] 46 Ditto Dirro 

+ E | Macclesfield-Gally ohn Harle 230 | 20 46 Ditto Ditto 

+ P | London George Marthews 400 | 34 | 90 | Boroco March S 
a © | Panther Robert Robinfon goo | 24 7 Ditto Duro 

de P| Frederick lohn Winn 350] 30] 70 8. 
ae P | Worcefler homas Green 4jo] 16 iG Ditto 

a E | Tankervill Charles Newnham 435 | 34 5 | Coaft& Dicro 

O | Union John Good{ale 140 | 14 28 | Amoy & China Ditto 

© | Weneworth homas Sax 330 | 24 7 Ditto 

© | Fleet-Prigace Thomas Burges 28 | 22] 36 Dito 

E | Norris, lames Alifoo 600 | 36 | 418 | Coaft& Bay to. 

© | Colchefter Benjamin Roufe goo | 36 go Ditto 196 

¥ | Edward& Dudley | William Lambert 300 | 24] 60 April 32, 170%. 

AE | Hern Frigate William Morris aso | 30 5° Ditto Dicro 
XO |} Glocefter Philip Browne 380 | 30 | 70 | Bencola Avgatt 15 

© | Regard Thomas Warner 2p | 3g 0 | Sarrat Ditto 

© | Howland-Frigate Thomas Hayes 400 | 32 | 80]  Dirto Dito 

E | Mary Chri Liell 458 | 30 | 90 Ditro Ditto 

E | Catharine James Junifer 498 | 30 | 99. | _ Dito 27 

E | Samoel & Anne Finch Reddall 180 | 16 | 36 | Borneo emit 

~ P | Refolution William Doyley 3co | 26 | 60 | Mache x0 
ae P | Alexander-Gally Jofhuah Wincer ==) = fs Peeper 
P | Black Boy — Penruddock --!-|-—-- ‘eparing (0 Sail, 
SHIPS Arriv'd from Eaft-India and China fince the 23th of December, 1701. 
Ships Names. Commanders Names Toa. Guns, Men. From what Place. = When Arriv'd. 

© , King William John Braddylt 600 | 36 | 420 | Fort St.George | February a 170. 

E | Mounugue John Collier 460 | 30 | 80 | Surrat& Perfia | April me eS 

© | Madcras Joho Aprife 250 | 24 50 | Bencola Dicto 

+ P| Manfell-Frigate John Clarke 4oo | 36 7 Ditro Jane mm 

© | Durche& Hugh Raymond 450 | 28 gt | Fort Se. George ito 

E | jula William Morris aéo | 18 0 | Borneo Duro 

© | Rifing Eagle Benjamin: Boucher 150 | 16 4° | Bengal July ? 

E | Dilcovery John Evans 208 | 16 42 | Mocho ake 

AE | Trumball-Gally Henry Duffeld 340 | 30 | 56 | Borneo &China | Augeft 6. 

© | Sidoey Lewis Whitwell 475 | 36] 95 | Bengal % 

E | Neptuoe George Lafhly ajo} a2 | $5 | Chine Seprember 21s 

© | Northumberland Charles Richards ago | a4] $0 Dito 23. 

E | Exon Frigate George Philips 340} 27 | 68 Ditto Ditto 

© | Dathwood Marmaduke Royden 320 | a6 | 64 Ditto Ditto 

E | Seaford Maran Gardner 240 | 34 46 Ditto Ditto 

E | Stretham Roger Myers 350 | 30 | 70 | Coaft & Bay Ditto 

© | lofah Randolph Pye $00 | 36 ] 100 | Bay of Bengali Ditto 

tH Pp | Gosfrghe Edward Harrifon 330 | 30 | 0 | China Diese 
ap E | Summers-Frigate Jofeph North qoo | 42 97 | Bay of Bengall 24 


he Anne, Adam Spencer, wa. blown up May the qth, near the I‘le of Wight, returning Home. 
ee — 
LONDON, Printed for and Sold by Edward Lloyd, at his Coffee How's in Lombard Street. Offeber the sth. 170% 
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Copy of Lloyd’s List dated 5th October, 1702. 


4 DATA SOURCES 


To return to the activities of SISG, it is pertinent to men- 
tion the major data sources from which the information 
recorded is derived. 

Members of the Society’s staff abroad and in the UK are 
mainly professionals, such as chartered engineers and naval 
architects whose day is largely spent working in the various 
shipyards of the world. It is from this unique network of 
intelligence that most of the Society’s information is 
obtained concerning new ship orders, progress of construc- 
tion of new buildings, launches, completions, damage 
reports and casualty data. 

Information relating to shipbuilding is closely monitored. 
Every third month a computer-produced list of details of 
ships under construction and on order known to SISG in 
London is sent to each shipbuilding port for verification. 
The field staff promptly return the list, duly updated or 
amended. This is pooled with other data received from 
reliable sources, such as the shipping press and shipowners. 
Exhaustive checks are carried out in SISG to ensure the 
accuracy of the raw material and comprehensive validity 
checks have been built into the associated computerized 
system. From the data base, special programs produce ship- 
building statistics which analyze the details in terms of flag, 
size and type of vessel. These statistics, known as the 
Merchant Shipbuilding Returns, are recognized as being the 
most authoritative in existence. 

Other useful data is received from government bodies in 
many countries, from other classification societies and 
through personal contacts. The volume of data received 
daily in SISG is phenomenal and painstaking editorial pro- 
cedures are adopted in order that the information is 
suitably evaluated and processed (see Fig. 5). 


HOW IT HAPPENS! 


Subject matter 
Shipbuilding 


Source data «g— In service vessels 
Casualties 


Scrappings 
Data handling groups 


Computer filter 


’ 


Computer 


Register Book Magnetic tapes 
and and 


associated publications print-outs 
Statistical 
service 
Client 
Marketing Articles Technical Management 
prognoses and papers calculations information 
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How basic data is handled in Shipping Information Services 
Group. 


Highly sophisticated coding techniques have been 
developed within SISG relating to items such as ship type, 
flag, country of build, shipbuilder, shipowner, addresses, 
etc. This information is available either in computer print- 
out form or on magnetic tape to anyone acquiring the com- 
puterized files. 


5 SERVICES AND THE DEMAND FOR SERVICES 


The Society’s publications are recognized as valuable 
records by the world shipping community, forming a key 
part in the marketing activities of companies from ship- 
builders and shipowners to sub-contractors and under- 
writers. They form essential parts of the libraries of 
research institutes and are often the basis of modules com- 
piled by statistical manipulators. Lloyd’s Register has 
archives of historical statistical data stretching back more 
than 80 years. 

The data available is in tremendous demand and 
numerous requests for information are received daily. Such 
organizations as the United Nations, government depart- 
ments, IMCO, the General Council of British Shipping, 
EEC, the Association of West European Shipbuilders and 
many others rely on these data services to keep them in- 
formed of current development, particularly as many of 
them are unable to co-ordinate their own data returns 
satisfactorily. 

The extensive computer facilities and expertise in the 
Society are used to provide information tailored, as far as 
possible, to the requirements of organizations making 
enquiries. Examples of data which have been supplied to 
outside organizations such as shipowners, shipbuilders, 
brokers, charterers and government departments all over 
the world include : — 


(i) Analyses of ships in service and under construction 
world-wide, by type, length and beam. 

(ii) Refrigerated ships in service, grouped by age. 

(iii) Analysis of new ships ordered monthly in the various 
shipbuilding countries of the world, by type of ship 
using compensated tonnage factors. 

(iv) Tankers over 100,000 tons deadweight launched in a 
particular period. 

(v) Collisions world-wide, grouped geographically. 

(vi) List of bearing corrosion and journal corrosion cases 
in oil engines in the Lloyd’s Register classed fleet 
over a specified period. 


The advent of the computer has made statistical analysis 
so much easier. Data files held on disk can be accessed to 
produce answers to clients’ enquiries or to produce results 
for internal investigations. 

The results of this type of work are normally forwarded 
on print-out or magnetic tape to the client within 48 
hours, subject to the complexity of the enquiry and 
machine availability. This turn-round time still enables the 
considerable manual expertise at the disposal of both 
Lloyd’s Register and LLP to be used to check both the 
enquiry and the results for relevance and accuracy. Experi- 
ence has shown this to be an essential, as well as valuable, 
aspect of such a service. 

With almost 70,000 merchant ships cver 100 gross tons 
in service throughout the world, many of the problems of 
clients are invariably resolved by access to our com- 
prehensive and authoritative information, whether those 
seeking it are owners, charterers, shipbuilders, engine- 
builders, drydock operators, marine equipment manufac- 
turers, port authorities, governments, underwriters, brokers, 
bankers or shipbreakers. The increasing need for informa- 


tion is underlined by the extraordinary number of marine a 


conferences, exhibitions, seminars and technical meetings 
held each year, which are equalled only by the number of 
reports, studies and statistical projections produced. 

Few of us need reminding that current fortunes of the 
shipping industry reflect the recessive state of the world 
economy and, as never before, the marine industries have 
need of access to a substantial bank of reliable data. Dur- 
ing the past 15 years, huge investments have been made 
in ships, shipbuilding facilities and ports. Planning the 
deployment of these new facilities in readiness for the next 
wave of world economic activity is, therefore, a matter for 
serious consideration and must of necessity be based on an 
accurate analysis of present conditions. 


5.1 The Commercial Aspect 

The establishment of SISG inspired a major policy 
decision by the management of the Society. Expensive 
computerized systems were being introduced to process 
data which was provided gratis to virtually anyone who 
wished to enquire. 

One of the prime objectives during the first weeks of 
operation in SISG was to establish a structure whereby 
clients could be charged realistic fees for the information 
provided as well as the effort taken to produce the work. 
The management of SISG strives continuously to ensure 
that its regular income will grow annually. Income target 
figures are set in order to move the operation towards 
financial viability. A free service, however, is still provided 
when, in the considered opinion of the country or outport 
manager, it is in the Society’s interest to do so. 

It is difficult, however, to measure the intangible benefits 
enjoyed by Lloyd’s Register in terms of free advertisement 
through the various publications and the goodwill achieved 
by the services provided. It is no exaggeration to infer that 
on more than just the odd occasion, the information pro- 
vided by SISG has had a direct influence on the decision 
made by a shipowner regarding which classification society 
he was to favour with a particular order for a new ship. 


6 DOMESTIC LIAISON 


The efficient operation of SISG as a service holds 
numerous benefits for departments within the Society, and 
the Group enjoys a close liaison with many of the Society’s 
departments and outports. 

In some cases the relationship is such that SISG provides 
a service to a user department, e.g. Accounts, Staff Depart- 
ment etc., or purely in terms of work content as in the 
instance of the Printing House. The statistical material 
appearing in the Society’s Annual Report, which is pro- 
duced by the Publications and Public Relations Depart- 
ment, emanates from SISG. There are a number of depart- 
ments, however, where there is a fruitful exchange of 
information which is essential for the well-being and 
efficiency of the Society’s information services. SISG is 
dependent to a large extent on the circulation of such data 
within headquarters. 


7 THE FUTURE SCOPE OF SISG 


Undoubtedly, the future looks bright in this rapidly 
developing field and a wider spectrum of information 
coverage will be undertaken. Greater co-operation within 
the Society should result in more comprehensive services 
both internally and externally. Wider collaboration with 
external organizations can be foreseen, which should open 
up new opportunities of business. 

More sophisticated computer hardware and software 
packages will enable SISG to carry out its work more 
efficiently, and systems will be developed or modified along 
more flexible lines. 


8 CONCLUSIONS 


(a) There is a growing demand for a reliable information 
service within the maritime industries today. 


(b) By virtue of its tradition, wealth of knowledge and 
eminent reputation in the world of shipping and ship- 
building, the Society is in an advantageous position to 
capitalize on this demand and provide such a service. 


(c) The provision of shipping information services should 
be looked upon as a business venture and decisions 
related to the allocation of resources, no matter what 
the nature, require to be based on sound business 
principles. 

(d) The benefits accrued by the work of SISG are not all 
tangible and this must be taken into account when 
assessing the value of the service to the Society. 


(e) SISG provides a public relations service for the Society 
and excellent client relationships are fundamental to 
the work of the Group, as well as being of vital 
importance to Lloyd’s Register. 


(f) A well-organized, well-supported shipping information 
service, combining both the technical and generalized 
aspects of shipping, is necessary to assist Lloyd’s 
Register to fulfil its function as a classification society. 


(g) Because SISG principally recycles information, it can 
be of value to the Society only if a reliable and 
efficient data service is maintained. This can only be 
achieved with the co-operation of other headquarters 
departments, outports and the shipping community as 
a whole. 


(h) The Society is consolidating upon two centuries of 
experience in data collection and dissemination. If it 
fails, through the media of Shipping Information 
Services Group, to make the optimum use of its know- 
ledge and position within the maritime community, a 
golden opportunity for the future will have been lost 
and the Society’s competitors, particularly other classi- 
fication societies, will not be slow to take full 
advantage. 
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Discussion on Mr. J. P. Cashman’s Paper 


SHIPPING INFORMATION SERVICES 


Mr. A. J. WILLIAMS 


In the course of his very interesting paper Mr. Cashman 
has referred several times to the provision of information 
for other Departments of the Society. 

I am interested in the supply of technical information 
which, as I see it, comes from three main sources : — 


(i) Research and development of a_ theoretical 


nature. 


(ii) Feedback of service experience through Reports 
and TRO. 


(iii) New ideas leading to specific investigation and 
development. 


These new ideas may arise as enquiries or proposals 
from Clients. They may also arise in more general form 
from statistically based analyses and projections and it is 
about these that I should like to ask Mr. Cashman. Perhaps 
I should give examples of what I mean. 

A recently published report analysed the demand for dry 
bulk carriers up to 1985. This incidentally ran into several 
volumes. Another recent report examined requirements for 
work and support vessels for North Sea operations up to 
1982. Other reports have made projections of the pattern 
and size of particular trades for the next few years; oil 
transport demand provides one major example, another 
concerns the development of regional inland waterways 
traffic. 

These reports no doubt draw on information supplied by 
SISG together with other sources and they are evidently 
found useful by the industry. 

I believe this type of information is also essential to the 
Society so that we can make the necessary preparations and 
develop criteria and calculation methods ahead of the 
demand for our services. We need the information to stay 
one jump ahead of our Clients. 

Mr. Cashman has discussed what might be called the 
statistics of factual reporting. Could he perhaps tell us a 
little more of the ways the Society draws its inferences for 
the future and how this information is fed into Technical 
Departments? 


Mr. D. T. BOLTWOOD 


Initally, I would like to congratulate the Author on the 
fine and clear presentation of his paper. 

The Author has stressed a number of times that the 
efficiency of the information service provided by his 
Department relies heavily on the data and intelligence 
supplied by the Society’s Surveyors in the Ports distributed 
throughout the world. The present slump in world ship- 
building however, may lead to an eventual reduction in the 
Society’s surveying staff abroad and hence sources of data. 
In such an event would the Author see difficulty in the 
maintenance of the present level of efficiency. 

With regard to the basic data flow diagram on page 8 of 
the Paper, could the Author please explain what is meant 
by “Technical Calculations’? Is it intended that this refers to 
work carried out by one of the Technical Departments? 

I should also like to raise two general questions concern- 
ing information. The first, is whether there is a case for a 
Register of Ships for those vessels less than 100 gross tons? 


This appears to be an area of growth and demand for such 
information may increase in the future. 

Secondly a point which has often puzzled me. Why is it 
that the ship’s Summer Load Displacement is excluded 
from the Register Book? When it is considered that Dead- 
weight, Tonnage, Length, Depth, Draught and Speed are 
all included it remains a mystery why Displacement is not 
there to complete the picture. Such an item of information 
it is believed, should not be difficult to acquire and would 
prove most useful to Naval Architects and Designers. 


Mr. R. PROVAN 


Initially, I would like to refer to paragraph 5.1 of the 
paper. Accepting that the provision of a free service benefits 
LR in terms of goodwill and intangible benefits, is the sub- 
sequent loss of income from providing this service assessed 
or reviewed? If so, what level of fees are lost per annum 
as a percentage of the group’s overall income. It would 
also be of interest to know on what grounds these fees are 
waived. 

Whether SISG operates as a commercial or a business 
venture, it would seem from an economic point of view 
essential to know these facts especially since the group is 
working towards financial viability. Indeed, the question 
must be asked as to how much longer LR and SISG in 
particular can afford to offer a free service. Clearly the 
more that is accounted for, the less likelihood of inaccuracy 
in overall costing and budgeting. 

In connection with paragraph 2.2 of the paper, I next 
raise the question of issue of new publications. 

Will SISG exist solely to provide as comprehensive a 
service to the shipping community as possible, whether 
viable or not, or will it exist to make a profit and therefore 
optimise the information received? 

If the latter is the case, then I feel that the publication of 
the Register of Offshore Units, Submersibles and Diving 
Systems in the present format only succeeded in advertis- 
ing to the shipping community in general and diving com- 
panies in particular, that American Bureau has the 
monopoly in the market in the classification of mobile units 
and submersibles. 

Depending on whether this publication was brought about 
as a result of demand from outside or because the infor- 
mation was available it may have been more prudent to 
publicise only that aspect of LR’s activities which are 
buoyant and worthy of publication, viz. diving systems. It 
is however appreciated that this publication is and will be 
a valuable reference document. 


Mr. W. T. LEADBETTER 


In connection with the recently formed ‘Intelligence 
Unit’ within SISG I would make the following points : — 


(a) We cannot expect outport managers to give their first 
priority to the obtaining of information on new orders, 
since clearly, their primary job is to carry out the 
Society’s survey responsibilities. However, by cultivat- 
ing relationships in design offices, etc., they would be 
in on the ground floor. 


(b) There are other areas where information could be 
obtained. In London for example, brokers, financial 
houses, etc., should not be neglected. 


(c) In London as well as ports such as Piraeus, Hong 
Kong, etc., it is important to keep alongside owners 
with the objective of learning their thoughts and 
intentions at any early stage. 


It could be argued that the whole subject of market 
intelligence should be discussed at the outport managers’ 
conferences. 


Mr. C. F. ALGATE 


I should like to congratulate Mr. Cashman on the manner 
in which he has so clearly described the various services 
which have been developed to meet ever changing demands 
for shipping information. 

It might be thought by some that Lloyd’s Register has 
been slow to capitalise on the vast amount of general data 
which funnels into headquarters. There is probably some 
validity in such an opinion, but it must be remembered that 
to collect the information, and to disseminate it, are two 
vastly different problems. The value of accumulated infor- 
mation in terms of the future demands of the shipping 
industry, was recognized a decade or more ago, and the 
Society’s Constitution contains a specific provision for the 
collation and dissemination of statistical data, in further- 
ance of one of its objectives ‘the advancement of public 
education’. However, it was not until our in-house com- 
puter capability had been sufficiently developed, that it 
became feasible to create the sophisticated data handling 


AUTHOR’S 


To Mr. A. J. WILLIAMS 


I suspect that what the questioner would like to see is a 
concentration on forecasting techniques. There is something 
to be said for an expertise being available in an area such 
as SISG but the implications of such a step are very wide 
indeed. 

It should be understood that the Society does not have all 
of the required data provided from source for reliable 
forecasting and would, therefore, need to use supplementary 
data from elsewhere. Indeed, one might well ask whether 
sufficient attempts are being made already from the likes of 
shipping consultants, without LR expending valuable time, 
money and resources to the task. Perhaps some headway 
could be made by referring Technical Departments to 
sources of forecasting of which they may not be aware. 
This is something which SISG can most certainly give 
advice on. 

Further if we were to enter this field of consultancy, 
SISG would be hard pressed to provide the maritime com- 
munity with such a service. Without adequate resources and 
expertise, the Group would encounter considerable diffi- 
culties. I do not believe present economic circumstances 
allow us to proceed along this particular path and in any 
case this must be a question which senior management 
must decide upon. 


To Mr. D. T. BoLttTwoop 


I do not foresee more problems than we have experienced 
already during a period when our field staff were hard 
pressed. In either way, it has always been difficult to con- 
vince our outports as to the value of the effort they put in 
on our behalf. Consequently SISG staff endeavour to 
supplement data received from outports from all available 
reliable sources. We in HQ must learn to help ourselves 
more and more and reduce our requirements of the out- 
port staff to a minimum. 


systems which are employed by SISG today to meet this 
growing demand. 

Such systems are expensive in terms of development and 
manpower costs. Traditionally, the owner of a classed ship, 
or a subscriber to the Register Book, was provided with 
free ad hoc information as part of the service. This is no 
longer realistic or economic, and wherever possible, costs 
must be recovered. Mr. Cashman talks about data being 
made available to the shipping community as a marketable 
product on a profitable basis. I would not disagree that this 
must be the aim and in fact this is precisely why we and 
Lloyd’s of London Press, not only decided to co-operate 
in marketing joint information packages, but also to 
participate in an ‘on-line’ business venture. It should, how- 
ever, be remembered that only part of the output of SISG 
is sold to the outside market. There is an extremely large 
internal demand for statistical analyses, both in the form 
of regular management reports, and ad hoc enquiries from 
management, HQ departments and outports. I accept that 
these are in furtherance of the Society’s technical business, 
but they are expensive in terms of time, both manual and 
machine. 


Mr. Cashman has been one of the first to recognize the 
need to monitor growth in this area and I am sure he would 
agree costs can only be justified when Management accepts 
that each category of service provided by the Group, 
whether internally or externally, continues to be relevant to 
current business needs. 


REPLY 


The term ‘Technical Calculations’ used in the diagram 
is possibly used in a misleading manner. The term is not 
intended to refer to work carried out by one of the Society’s 
Technical Departments but to types of exercise SISG has 
carried out for clients, such as assisting a Research Institute 
with calculations aimed at determining optimum damage to 
a nuclear ship in a collision between vessels moving at 
various speeds, etc. 

As regards a Register of Ships under 100 tons gross, I 
think I speak for all SISG staff if I say we would be 
unhappy at the thought. It is difficult and expensive enough 
trying to keep trace of ships over 100 grt without increasing 
our problems. The number of ships within the scope of the 
enquiry (assuming a downward limit of some sort, say 20 
grt) would be in the region of hundreds of thousands. 
There are nearly 90 000 ships of all sizes on the US Register 
alone so that you can appreciate the magnitude of the 
problem. 

Displacement is often requested as a data item, particu- 
larly by shipbreakers. The shipbuilder is our only source 
of data and unfortunately no arrangements have ever been 
made to collect the relevant information over the years. 
There are now some 70000 ships in service without this 
item of data having been made available. SISG would need 
to be thoroughly convinced that there is sufficient demand 
for such data in the commercial world before it is felt 
justified in asking outport staff to obtain more information 
from the world’s shipyards. 


To Mr. R. PROVAN 


Comparatively speaking, the loss of income to the Society 
due to jobs provided gratis is marginal. The point being 
made here is that the work of SISG is often used as a ‘sprat 
to catch a mackerel’, and almost every technical department 
and major outport has found it expedient at some point in 
time to use our services as a means to establishing or main- 
taining contact with a client, often in difficult circumstances. 


SISG gives practically nothing away of its own volition. 
Even HQ departments are billed with notional charges for 
our services and they, in turn, should allow for our part of 
the work in their quotations. 

It is difficult to foresee when, if at all, our service image 
will be replaced by an entirely commercial one. The day 
that occurs will be a sad one for LR for we will have lost 
virtually the last vestige of our original objectives as a 
classification society. SISG is a service group walking the 
thin line of credibility between providing a service and at 
the same time trying to move towards a viable profit. 

As regards the Register of Offshore Units, Submersibles 
and Diving Systems, the book was produced because it was 
felt that there was a need for such a publication in the 


industry. | do not feel that the question, which is un- 
deniably logical, is valid when considering the environment 
in which SISG operates. LR is really one factor in a world- 
wide picture, whether information is related to new con- 
struction, ships in service, casualties or offshore units. I 
also feel that the publication in question has not informed 
companies of anything about the classification of offshore 
units which they do not already know. You adequately sum 
up the reason for the publication in the last sentence of 
your question. 


To Mr. W. T. LEADBETTER and Mr. C. F. ALGATE 


I can add nothing to your comments except to thank you 
for your interesting contributions. 
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INTRODUCTION 


Historically, boilers and pressure vessels intended for a wide 
range of uses in power stations, petrochemical complexes and 
general industry have been subject to examination by the 
personnel on the shop floor, i.e., the artisan, foreman and, 
perhaps in some firms, by a specially appointed viewer or 
inspector. In many cases, stage inspection on behalf of the 
purchaser was and still is performed by an independent 
inspection authority. Although this arrangement has stood 
the test of time it has been subject to criticism on the 
grounds of inefficiency, particularly where tight production 
schedules and target delivery dates must be upheld. In all too 
many instances the set-back caused by rejection of an item, 
component or assembly at a crucial stage in the fabrication 
cycle was unacceptable, particularly when remedial action to 
eliminate the problem might have been taken earlier in the 
production cycle, had the problem been highlighted. 

Because of these limitations, it has been necessary to 
develop and adopt new concepts, namely quality assurance, 
as a management discipline in order to control all stages of 
design, purchasing, fabrication and testing of a pressure 
vessel. 

Quality assurance, an expression hardly known twenty 
years ago, has become an accepted discipline in industry 
throughout the world. This paper has been written for the 
guidance of colleagues who may be faced for the first time 


3) with a request for assistance from a manufacturer. The 


principal parts of a quality assurance programme have been 
set down based on the acceptance and use of the philosophies 
contained in the national standards of the United States of 
America and Canada. In this context it is emphasized that in 
describing the quality assurance programme, it is not intended 
that it should be applied to boilers and pressure vessels built 
under survey in accordance with the requirements contained 
in the Society’s Rules and Regulations for the Classification of 
Ships. 

It is generally accepted that the term quality assurance, 
when applied to pressure vessel manufacture, may be defined 
as all those planned activities and functions necessary to 
provide adequate evidence that the item of pressure equip- 
ment will perform satisfactorily and safely in service. 

It is important that a quality assurance programme be fully 
documented by written policies, procedures and instructions 
and shall provide control over all activities affecting the 
quality of the pressure vessels to be built. The establishment of 
a quality assurance programme involves the collaboration of 
all employees from the highest to the lowest—and its success 
is dependent upon the correct choice of Quality Assurance 
Manager. He should be thoroughly familiar with all aspects 
of the company’s operations, of sound judgement, able to 
communicate at all levels of the company, have the ability to 
analyse problems and provide solutions in a decisive manner. 
In addition, he must be independent from other work 
functions. 


QUALITY ASSURANCE MANUAL 


One of the essential parts of any quality assurance pro- 
gramme is the Quality Assurance Manual. This is a written 
description of the design, purchasing, manufacturing and 
testing functions in operation at a fabricator’s works. As a 
minimum it should embrace the following: 


1 POLICY AND AUTHORITY 


A statement of policy and authority should be included in 
the manual, preferably in the beginning. It should define the 
person in charge of the programme, usually the Quality 
Assurance Manager; should vest in him the authority and 
organizational freedom to identify quality assurance problems, 
to initiate, recommend and provide solutions. Such a state- 
ment must be signed by a responsible official, usually the 
President of the company, Managing Director, Chairman, or 
the like, and include his authority to resolve any differences of 
opinion that may arise between the Quality Assurance Manager 
and any other department. A typical example of such a 
statement is given in Fig. 1. 


to 


SCOPE 


All areas of activity by the firm and their sub-suppliers 
should be defined together with the type of product it is 
proposed to fabricate. 


ORGANIZATION 


3.1 Management Tree 
Management participation in the quality assurance 
programme should be indicated. A line chart as shown in 
Fig. 2 is a convenient means for showing the chain of 
command. 


STATEMENT OF POLICY AND AUTHORITY 


This. Manual documents the Quality Assurance System Of............cscscccsssesssssssonssssssessesousessereessssvotesegesouvessossenssusveseseestnssservesesune 
for the manufacture of pressure vessels in accordance with the referenced design code and customer order 
requirements. 


The Quality Assurance Manager is responsible for ensuring the implementation of this Manual in the 
workshops, and for preparation of and revisions to the Manual. He shall have the authority and organizational 
freedom to identify quality assurance problems and to initiate, recommend and provide solutions. Conflict 
between departments shall be referred to me for resolution. 


All Company personnel shall at all times fulfil the requirements of the Manual without deviation. In the 
event of a difference of opinion arising between the Quality Assurance Department and any other department, 
it shall be referred to me for resolution. 


The Quality Assurance Manager shall keep me advised of the status and adequacy of the Quality Assurance 
Programme. 


A translation of this Manual in the national language is provided for use in all departments involved in 
Code work. In the event of any conflict between the English and the national versions, the English version shall 
govern. 


Managing Director 
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Organization Chart 


3.2 Decision Making 
Provision must be made for the organization to be staffed 
by technically competent personnel, each of whom shall 
have freedom to make decisions within his/her scope of 
operations. 


3.3. Delegation of Duties 
It is usual to incorporate in the programme means where- 
by each manager or supervisor may delegate the perform- 
ance of any of his duties to those who report directly to 
him. It is emphasized, however, that the responsibility for 
these duties cannot be delegated and remains with the 
manager or supervisor. 


3.4 Customer Liaison 


Measures should be established to ensure that customer 
and any regulatory requirements, including the design 
basis, are reviewed by responsible personnel, usually the 
Works Manager and the Quality Assurance Manager, 
who shall liaise with the customer concerning any request- 
ed revisions of such documents. 


3.5 Duties 
The duties of key personnel in the quality assurance pro- 
gramme, and to whom they report, should be defined: 
cen 


WorkKS MANAGER 


The Works Manager is responsible for all activities 
carried out in the works and reports to the Managing 
Director. In addition, he is responsible for liaison with 
the customer and the transmission of contractural 
documents, specifications, design drawings, etc., to the 
Chief Engineer. 


CHIEF ENGINEER 


The responsibility for the design, preparation of working 
drawings, calculations and design report, when required, 
together with any other technical documents, rests with 
the Chief Engineer. He is responsible for the controlled 
distribution of technical documents to the managers of 
Planning, Production and Quality Assurance depart- 
ments. 


WELDING ENGINEER 


The Welding Engineer must be responsible for all welding 
activities and his duties include: 


(a) Supervision over the issue of welding consumables, 
supervision of electrode ovens and other welding 
equipment, and responsibility for ensuring all unused 
electrodes are returned. 


(b) Preparation of welding procedure specifications. 


(c) Proving and documenting welding procedure 
specifications. 


(d) Qualification of welders and welding operators. 

(e) Assigning an appropriate identification number or 
symbol to each welder and welding operation; this 
identification to be recorded in a list of qualified 
welders. 

(f) Maintaining a record of a welder’s qualifications for 
the various welding processes. 


4 DESIGN CONTROL 


Measures shall be established to ensure the requirements of 
the customer, statutory authority and application code or 
standard are correctly translated into working drawings, 
procedures and instructions. These measures shall include 
provisions to ensure the appropriate quality standards are 
specified and deviation from such standards controlled. 


Measures shall also be established for the selection and review 
for in-service suitability of materials, parts, equipment and 
processes essential to the integrity of the pressure vessel. 

The design control procedures shall include the verification 
or checking of design adequacy, by personnel or groups other 
than those who performed the original design; they may, 
however, be from the same organization. It shall further, where 
applicable, include co-ordination among participating design 
organizations. 

Design changes, including shop floor/site changes should be 
subject to the same design control measures as those applied 
to the original design and approved by the organization that 
approved the original design, unless these duties were sub- 
sequently delegated to another responsible organization. 


5 DOCUMENT CONTROL 


The programme shall include measures to control the issue 
of documents such as:— 


(a) Quality Assurance Manual 
(b) Instructions 

(c) Procedures 

(d) Drawings 

(e) Specifications 

including amendments to these. 


These measures shall ensure that documents and any 
amendments are reviewed and, if found satisfactory, approved 
for distribution to the authorized personnel at their particular 
work station. Changes to documents should be reviewed in 
the same manner as the original documents. In addition, 
arrangements shall be provided to ensure superseded docu- 
ments are destroyed or recalled. An acceptable alternative 
would be for these to be marked ‘Void or Superseded by 
Revision’. 

Uncontrolled documents, i.e., those that will not be up- 
dated, should be marked or stamped ‘For Information Only’ 
and not used for production or inspection. (e.g., an uncontrol- 
led Quality Assurance Manual might be one submitted in 
conjunction with a tender, and would, therefore, be for 
information purposes only.) 

A further example of an ‘uncontrolled manual’ would be 
one supplied to a customer, which would be controlled only 
for the duration of a contract. On expiry or completion of the 
contract it would become uncontrolled. 


6 CONTROL OF PURCHASED MATERIAL, 
EQUIPMENT AND SERVICES 


Material, equipment and services shall be purchased from 
approved vendors only and, whether obtained directly or 
through sub-contractors, shall conform in all respects with 
the requirements detailed on the purchase order or requisition. 

Measures shall include the provision for source evaluation 
or vendor assessment to verify that the vendor has adopted a 
quality programme adequate to ensure his capability to supply 
material, equipment or services as ordered. Where delivery is 
over an extended period, the vendor’s performance should be 
audited at regular intervals and this could be documented 
using a Vendor Survey Report as shown in Fig. 3. 

Incoming material, equipment and services shall be checked 
against the delivery invoice and the purchase order. In the case 
of materials, the check should ensure all relevant tests have 
been performed and they are duly recorded on the Certified 
Test Reports. 

The chemical composition and mechanical properties listed 
on the test report must be verified against the relevant specifi- 
cation. Additionally, the material stamping/marking should be 
positively identified against the Certified Test Report. 


VENDOR SURVEY REPORT 
1 Name of vendor 


2 Address: 


3 Telephone No.: 


4 Personnel contacted during survey: 


5 Products: 


6 Does firm have Quality Assurance/Quality Control Programme ? Yes/No 


If yes has programme been approved by others ? Give names: 


7 Comments and Recommendations 


Signed: 
Date: 

8 Recommended Review date: 

9 Approved by Quality Assurance Manager 
Signed: 
Date: 
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INSPECTION CHECK LIST Works No. 21G/4258 


Item: C101 Stripper Vessel 


Customer: Scuth Seao Petvolaum Company 
Drawing No.: 4258A 


Works Customer ierection Authorized on a 
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Having established the material identification, the quality 
assurance programme shall include measures adequate to 
ensure such identification is maintained throughout all 
stages of production; this would include transfer of markings 
so that only the intended material is used on the subject 
pressure vessel. Alternatively, a colour code method could be 
adopted provided the original identity can be established 
beyond doubt where necessary. 


7 INSPECTION CONTROL 


It is usual for a manufacturer to prepare for each pressure 
vessel being fabricated, a schedule covering all inspection 
activities affecting quality to verify that the item, component 
or assembled pressure vessel conforms with the documented 
procedures, drawings and relevant construction standard or 
code. Such a schedule would be supplemented by a report 
covering each inspection. These would be conducted by in- 
spectors, i.e., individuals other than those who performed the 
activity being inspected. Similarly, such individuals should 
not report directly to the supervisors responsible for the 
particular activity being inspected. The programme must 
include the provision of an Inspection Check List or 
Process Sheet. In North America this is usually called a 
‘Traveler’ and it remains with the job throughout all stages of 
manufacture, see Fig. 4. 

This Inspection Check List details the main fabrication and 
testing activities. Prior to the commencement of fabrication 
this check list shall be available for the customer and indepen- 
dent inspection authority to designate those Hold Points at 
which they wish to perform specific examinations. It shall 
include sign-off and date columns for inspection performed by 
the fabricator’s own inspection or viewing personnel and for 
examinations carried out at previously agreed Hold Points by 
the customer’s inspection and/or independent inspection 
authority. 


8 NON-CONFORMITIES 


Measures shall be included in the quality assurance 
programme to control materials, services, items or compo- 
nents which do not conform to the purchase order, approved 
drawing or application standard/code. These measures shall 
include as appropriate, procedures for: 


(a) identification, i.e., affixing a Hold label, 


(b) the issue of a report outlining the nature of the non- 
conformity, 

(c) segregation of the non-conformity, and 

(d) noiification to affected persons and parties, including 
the independent inspection authority, together with the 
resolution and dispositions of the non-conformity. 


A Hold label is illustrated in Fig. 5 while a Non-Conformity 
Report is shown in Fig. 6. 

The jobholder(s) within the organization responsible for 
resolution and disposition of a non-conformity should be 
nominated. Typical dispositions might be: 

(a) ‘Return to supplier’. 

(b) ‘Rework to approved drawing’—this is not a repair 
activity and might simply have been a case of mis- 
machining. 

(c) ‘Repair per special procedure No... .’. In the case of a 
repair activity it must have the approval of the inde- 
dependent inspection authority. In addition, it may be 
necessary to prepare a special Inspection Check List to 
cover this activity. 

(d) ‘Use-as-is’—this disposition is allowable only when the 
non-conformity does not infringe the order or application 
standard requirements. 

(e) ‘Scrap and remove from work area’. 


Quality Assurance Department HOLD for Salvage Committee 


Works order No. 
2 Part and Drawing No 
CG) Non Conformity Report No 
Hold Authorized by . Date 


ACTION 


Action Authorized by 
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9 FABRICATION 


Fabrication and assembly activities shall be carried out 
under controlled conditions in accordance with properly 
documented work instructions and/or procedures. 

Control of the sequence of activities is maintained by 
means of the Inspection Check List. 


10 WELDING 


(a) Welding shall be carried out by qualified welders or 
welding operators in accordance with suitably qualified 
and approved welding procedure specifications. 

(b) A copy of the appropriate approved welding procedure 
specification shall be available to the welders and welding 
operators in the work area. 

(c) It is important that welding consumables are properly 
stored in accordance with the maker’s instructions and 
their issue from store is controlled. 

(d) Adequate supervision shall be provided to ensure the 
welders are properly instructed and the quality of the 
welding is maintained. 

(e) Production welds should be identified with the welder 
responsible by means of his identification symbol. In 
cases where stamping of the workpiece might be detri- 
mental, the welder’s work should be recorded on a 
weld map. 

(f) There shall be provision for unused welding consum- 
ables to be returned to the store and examined before 
reprocessing. Any electrodes found damaged are to be 
scrapped. 

(g) Weld repairs may be performed as and when allowed by 
the application standard. 


11 NON-DESTRUCTIVE EXAMINATION 


Measures shall be adopted to ensure all non-destructive 
examination, including interpretation of the results, is 
carried out by suitably qualified persons using approved 
procedures and techniques, in accordance with the require- 
ments contained in the relevant application standard, specifi- 
cation or other special requirements, irrespective of whether 
it is an in-house or sub-contracted activity. 

Qualification records should be available on file for each 
NDE examiner. As a minimum there should be: 

(a) Details of previous education including examinations in 
which the NDE examiner was successful. 

(b) Accumulated work experience. 

(c) Levels of certification for each non-destructive exami- 
nation method in which the NDE examiner is qualified. 

(d) Medical reports (where required). 

(e) Details of training programmes completed by each NDE 
examiner, together with his questions and answer 
papers relating to any examination he may have sat. 


NON-CONFORMITY REPORT 


REPORT No: : SHOP ORDER No: 


Drawing No: => Item Not S2eees Description : 


Description of Non-Conformity : 
Department or Location: 
During which operation : 


Details of non-conformity :— (Attach sketch where necessary) 


Prepared by : Concurred by : 
Date: Date : 
Disposition : 


[| Rework as follows: 

[_] Repair [_] As allowed by the Code: Clause: 
[ ] Per Standard Repair Procedure No: 
(iia) Per Special Repair Procedure No: 


Rework actions are subject to reinspection 
[| Return to supplier : [] Scrap: be] Use as is: 


Disposition Approved by : 


Quality Assurance Manager Production Manager 


)) Date: 


~ Purchasing Manager 


Date: 


Distribution: 


Works Manager 
Chief Engineer 
Planning Engineer 
Quality Assurance 
Sales Manager 
Purchasing Manager 
Inspection Agency 
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12 HEAT TREATMENT 


It is important that pre-heating and post-weld heat treat- 
ment are controlled by qualified personnel using approved 
procedures. 

Where post-weld heat treatment is to be carried out, the 
furnaces to be used should be equipped with temperature 
recorders and have thermo-couples located in accordance 
with an approved heat treatment procedure. 

Arrangements shall be included to ensure temperature 
recorders and thermo-couples are calibrated as indicated in 
Section 13. 

Following heat treatment it is important the time-tempera- 
ture chart be reviewed to ensure the heating cycle was 
properly performed. 


13 CALIBRATION 


Procedures shall be established to ensure that all tools, 
gauges, instruments, and any other measuring and testing 
devices used in activities affecting quality, are suitably 
controlled, calibrated and adjusted at prescribed intervals to 
maintain accuracy within the necessary limits. 

These measures shall ensure each item is suitably identified 
and the number properly recorded in a register or log. The 
date when calibration was last performed together with any 
error found, and the date when recalibration falls due should 
also be recorded. Additionally, it is desirable for each item to 
be tagged showing the next recalibration date. 

In the event of a discrepancy in measuring or testing equip- 
ment being found at the time of calibration, provision shall 
be made for corrective action to be taken in respect of 
materials and items previously checked in the period following 
the last satisfactory calibration. 


14 TESTING 

Pressure testing shall be carried out by specially trained 
personnel using approved procedures, and should include the 
use of properly calibrated pressure gauges. 


15 QUALITY ASSURANCE RECORDS 

Adequate records shall be maintained as evidence that 
activities affecting quality have been properly performed. The 
following records should be retained as a minimum :— 


(a) Working drawings and calculations. 

(b) Certified Test Reports. 

(c) Inspection Check List. 

(d) Welding records, i.e., welding procedure and welder 
qualification reports. 

(e) Non-destructive examination records, e.g., radiographs, 
ultrasonic charts. 

(f) Heat treatment charts. 

(g) Reports of non-conformities together with details of any 
repairs carried out. 

(h) Results of inspection and reviews including dimensional 
checks. 

(j) Pressure test report. 

(k) Vessel marking. 


(1) Manufacturer’s data report (where required). 


These records, together with any others that may be 
specified, should be stored in a safe depository as required by 
the application standard. 


16 INDEPENDENT INSPECTION AUTHORITY 


Measures shall be taken to ensure the inspection authority 
is kept informed of the progress of work and provided with 


free access to those parts of the fabricator’s premises where 
work is in progress. 

The Inspection Check List should be presented to the 
inspection authority’s representative prior to fabrication so 
that he may indicate his Hold Points. 

All quality assurance records relating to the subject pressure 
vessel shall be available for review by the inspection authority, 
Cn, 
(a) 
(b) 
(c) 
(d) 
(e) 
(g) 
(h) 


Purchase orders. 

Working drawings and calculations. 

Inspection Check List. 

Work procedures. 

Certified Test Reports, 

Welding procedure and welder qualification records. 


Non-destructive examination records, i.e., radiographs 
and also personnel qualification records. 


(j) Heat treatment charts. 
(k) Results of inspections, including dimensional checks. 


(1) Non-conformity reports together with details of any 
repairs made. 


(m) Pressure test reports. 


17 AUDITS 


There shall be provision for a comprehensive system of 
planned and periodic audits. These are to be carried out to 
verify that all activities have been performed in compliance 
with the quality assurance programme and, additionally, 
determine the effectiveness of the programme. 

It is important that these audits should be conducted in 
accordance with written procedures or check lists by trained 
personnel not having direct responsibilities in the areas being 
audited. 

Audit results should be documented using an Audit 
Findings Sheet as illustrated in Fig. 7 and these should be 
reviewed by management having responsibility in the area 
being audited. 

Follow up action, including a re-audit of areas found 
deficient should be taken where indicated. 

Special audits may be carried out at any time at the request 
of a responsible official within the organization. 

See also paragraph 19. 


18 QUALITY ASSURANCE PROGRAMME REVIEW 


Having set down in general terms the constituent parts of a 
quality assurance programme, the next stage is the review 
with which is coupled a demonstration of the programme to 
evaluate its efficacy. Without doubt this is the most critical 
part in the establishment of a programme, for it reveals 
management’s commitment and future intentions towards 
quality assurance. 

This review can be conducted by a team, of which the 
number and nature of persons will be determined by the 
organization performing the review, coupled with the need to 
meet the requirements of the application standard. 

The most important member of this Review Team is, of 
course, the Team Leader. Like the Quality Manager he must 
be able to communicate with all levels of management; in 
addition, he must display the qualities of patience, tolerance, 
be able to question and probe in order to ascertain all the 
relevant facts and, finally, be capable of drawing fair conclu- 
sions from the information he obtained. 

The first task of the Review Team is to examine the Quality 
Assurance Manual to ensure all requirements of the appli- 
cation code or standard have been satisfied. Any deficiencies 
being recorded for subsequent discussion with the personnel 


@ 


concerned: usually the Quality Assurance Manager. The a 


AUDIT REPORT 


Job No: Bo0 Bit ba Project No: 2lo 


Subject: Inspection check list Date of Audit: 4m January 1478 
Audit participants P. Gilbert _ 


Findings: \welve approved For production Inspection Check lists 
for above job were reviewed for necessary apprevals. of 
these , One WAY Lacking quality contro | sign off by the 
Mdcpendent mspector’at the hold pont selection. 


Auditor: Fe Gilbert Findings acknowledged by : 


Date: +n January |978 Me Pi og eas QA Managgr 
Date: Sth January S78. 


Recommended action: 
inspection check lists te be presented to the 
mdependent mMspection fer Signaturg and dake . 


Manager of Quality Assurance approval : ee ae 


Date: _/th Nanvary |9T8 


Follow up action: 


inspechon check ist No 4253 wus signed and dated 
by the Me oaee WSpector 


Auditor: F G1 
Date: __>th Janua ry 1978 Poo; 
Manager of Quality Assurance Approval : 


Date: lO Janvary 1978 
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planning of the tasks to be undertaken should be based upon 
these findings, in conjunction with the Team Leader’s schedule 
of work. 

The next stage is the in-works review, which should com- 

mence with a brief meeting with the firm’s senior management. 
At this time senior management should have the opportunity 
to pledge their commitment to the quality assurance pro- 
gramme and the Team Leader will outline the schedule and 
nature of work to be carried out by the Review Team. 
+ The method for conducting this in-works review should be 
decided by the Team Leader. Some leaders involve all team 
members in the discussion of the points needing resolution 
(following the earlier manual review by the team) and in the 
demonstration of the quality assurance programme. Others 
divide the Review Team into small working groups, usually 
three, and share the tasks to be performed, e.g. : 


Working Group One would discuss with the Quality 
Assurance Manager the findings of the team’s earlier evalua- 
tion of the Quality Assurance Manual. The Quality Assurance 
Manager should arrange any amendments necessary to the 
manual. These amendments are to be available for appraisal 
at a later stage, prior to the completion of the review. 


Working Groups Two and Three would witness a demon- 
stration of the Quality Assurance Programme: 


Working Group Two would cover aspects from the receipt 
of a client’s order or letter of intent, up to and including the 
work station where the goods/materials are received. While 
Working Group Three would deal with matters from the 
work station where received goods/materials are accepted, 
until despatch of the final product, including presentation of 
relevant records and documentation. 


This in-works review normally covers the following 
aspects :-— 


The firm’s technical competence to design equipment as 
specified by the customer. Examination of working drawings 
and calculations to ensure that the requirements of the 
order and construction codes have been complied with. 
The team members should also ensure that job orders are 
properly controlled and suitably identified. 


The procedure for the production and distribution of draw- 
ings, including revisions, will be examined in depth. This 
includes the approval of drawings for fabrication. Another 
facet included would be the requisitioning of materials and, in 
particular, the need to ensure that the correct materials are 
specified at all times, including welding consumables. 

Following the review in the Design Office, the next step 
would be material purchasing. It is necessary to establish the 
jobholder who is responsible for ordering the materials, 
following receipt of the Material Requisition from the 
Design Office. It is of paramount importance that only 
those materials allowed by the code are ordered and that 
these are obtained from approved vendors. The team should 
satisfy themselves that: 


(a) the firm have an Approved Vendors List, 
(b) have evaluated their vendors’ supply, and 
(c) they perform regular audits of their vendors’ perform- 


ance, 


Orders should be examined to ensure they are complete and 
by this it is meant that an order, for example, for plate shall 
include the job and order numbers, the name of the vendor, 
the dimensions of the plate, the material specification together 
with any special requirements, such as impact testing, 
ultrasonic examination, etc. 

In the case of orders placed for carbon steel dished and 
flanged heads, where the ASME Code, Section VIII, Division 
1, has been specified, it is necessary to ensure that the require- 
ments of paragraph UCS-79 have been complied with. This 
details the provisions covering the forming of shell sections 
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and heads. Similarly, it must be demonstrated that the welding 
consumables are correctly ordered in accordance with the 
relevant requirements. 

It should be ascertained that orders are checked prior to 
despatch, preferably by the jobholder who prepared the 
material requisition. 

The control of documentation, including the relevant 
records, should be verified. Ideally, the recipients of the 
documents should sign for each document received. 

At the ‘goods and materials received’ station it should be 
necessary for the personnel concerned to produce records 
demonstrating that: 

(1) Delivery notes are checked against the original purchase 
orders or requisitions, 

an examination for transit damage is made, 

the materials/goods conform to the requirements of the 
purchase order. 

In the case of material intended for a pressure vessel, it is 
essential that the material stamping has been verified and 
identified against the Certified Test Report and that the 
condition of the material has been checked by responsible 
personnel. 

Mention has been made of the Certified Test Reports. The 
team should examine samples of these to ensure they list the 
chemical composition and mechanical properties of the subject 
material and include all of the tests required by the relevant 
material specification, together with any additional tests 
listed on the applicable purchase order. It is important that 
a competent person at the material received station, or 
from the Quality Assurance Department, verifies the chemical 
composition and mechanical properties listed on the CTR 
meet the requirements of the relevant specification. Material 
should not be released for fabrication until these have been 
verified against the order and specification requirements. 

The team should satisfy themselves that at all stages during 
the fabrication cycle the identity of the material has been 
maintained. 

When visiting the fabrication shop, it is normal for the team 
to select one job at random from those in production and for 
its attendant Inspection Check List to be examined in depth. 
Each activity and Hold Point should be verified to ensure it 
has been signed off and dated. 

At this time the team should ascertain whether or not 
personnel have access to the relevant work procedures, 
including qualified welding procedure specifications. 

An examination of weld seams of representative pressure 
vessels would be made, not just for checking the visual 
appearance but to ensure that the welders are applying their 
identification mark, as required by the application code. 

The storage of welding consumables should be verified, 
including the control of temperature and humidity. It is 
important to ensure that these are carried out in accordance 
with the maker’s instructions. Where low hydrogen electrodes 
are being used this would include some form of baking prior 
to their use. 

Some construction codes, namely the ASME Code. 
include requirements covering the marking of electrode 
packets and individual electrodes. Similar requirements apply 
to welding wire and fluxes. The team should satisfy themselves 
this has been done. 

Control over the issue of welding consumables should be 
verified, including arrangements ensuring a welder or welding 
operator is not issued with more than he would use in a shift 
or work period. Further, the control over unused welding 
consumables returned to store is checked. 

When reviewing the calibration system covering instrument 
gauges and measuring tools, it is not unusual to find that in 
spite of the declaration of intent, the records do not in- 
corporate all items. The more usual omissions being tempera- 
ture gauges on electrode ovens, voltmeters and ammeters on 


(2) 
(3) 


welding equipment, etc., and persona! tools, i.e., micrometers. 

The control and recording equipment incorporated in any 
heat treatment furnace should be included in the calibration 
system. 

The team should normally examine the non-conformity 
function to ensure:— 

(1) Operating procedures as defined in the manual, including 
the resolution of non-conformities, are being followed. 

(2) Adequate arrangements have been made to segregate 
acceptable material from that found to be non-con- 
forming. 

The team should examine the records relating to non- 
destructive examinations performed, i.e., radiographs, ultra- 
sonic test reports, etc., together with the relevant NDE 
procedures for each technique employed. At this time verifica- 
tion will be made that each procedure has been qualified and 
approved—usually the function of the Quality Assurance 
Manager. 

Personnel records should likewise be scrutinized, including 
training and updating programmes, together with completed 
examination papers covering their qualification. 

The non-conforming system should be verified. It is neces- 
sary to establish that non-conforming materials or items are 
properly tagged, appropriate reports issued and follow-up 
action taken. 

Common deficiencies include :— 

(a) Inadequate segregation of material. 

(b) Inadequate tagging of non-conforming material and 
items. 

(c) Recurring deficiencies are not adequately recorded. 

(d) Repair procedures have not been approved. 

(e) Repair procedures are not available at the work station. 


It is at this time, following the demonstration of the 
quality assurance programme, including the in-works 
review, that the Review Teams should meet in private to 
discuss their findings. These are summarized for presentation 
to the firm’s senior management, who should be given the 
opportunity to call to the meeting any other personnel they 
feel should be involved. 

The Team Leader should give the relevant facts relating to 
each of the findings, it being preferable for discussion and any 
questions to be deferred until the end of his presentation. 
In most cases it will be found that any discrepancies in the 
quality assurance programme should have been rectified and 
remedial actions instituted by the firm, following their 
discovery. 

Following this meeting the Team Leader should prepare a 
report of the team’s findings together with their reeommenda- 
tions. In the event that serious short-comings in the firm’s 
quality assurance programme were revealed, a further visit 
would be necessary to review the remedial actions. 


19 AUDITING 


A facet of quality assurance (covered briefly in paragraph 
17) concerns the audit. It is an activity carried out at regular 
intervals, usually not more than twelve months, or when 
specially required following the formal review of a firm’s 
quality assurance programme. 

Auditing should be undertaken by trained personnel not 
having direct responsibility in the area being audited and 
should be directed by the Quality Assurance Manager. 
Essentially the purpose of the audit is to inform management 
of the extent to which the organization is complying with the 
written policies and procedures contained in the Quality 
Assurance Manual. The auditor/s should review all activities 
as detailed in the Quality Assurance Manual. They should 
ensure that all parts of the programme have been met and 


w that good housekeeping is being maintained. The results of 
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each audit should be presented in writing to the management 
and it is for them to take appropriate action to ensure the 
correctness of any deficiences found. For success in performing 
audits, a thorough knowledge of the principles of quality 
assurance is required but not necessarily a detailed knowledge 
of pressure vessel fabrication. 

In conclusion, it cannot be over emphasized that a quality 
assurance programme is merely a written indication of intent 
on the part of management to produce a quality product, in 
this case pressure vessels. It should not be confused with job 
instructions which detail how each task shall be performed. 
Its success is entirely dependent upon the contribution of all 
participants from top management to the most junior 
employee, including that of the independent inspection 


agency. 


20 GLOSSARY 

ASME American Society of Mechanical Engineers. 

Application A recognized standard covering the design, 

code construction and testing of a pressure 
vessel, e.g., British Standard 5500, ASME 
Boiler and Pressure Vessel Code. 

Controlled A document that has been formally appro- 

document ved and issued for use in fabrication. 

CTR Certified Test Report. 

Hold Point A step during material inspection, fabri- 
cation or assembly indicated on the 
Inspection Check List by the Quality 
Assurance Manager and/or independent 
inspection agency, or customer, as one 
which they must witness and beyond which 
material inspection, fabrication or assembly 
shall not proceed until after it has been 
signed off by the designee. 

Manual Quality Assurance Manual. 

Material Material manufactured to the relevant 
specification indicated in the application 
code. 

NDE Non-destructive examination. 


Non-conformity 
Procedure 


Quality 
assurance 


Quality 


control 


Repair 


Use-as-is 


A condition which does not comply with the 
requirements of the application code. 


A step by step instruction on how a 
technical activity shall be performed. 


Those planned activities and functions 
necessary to provide adequate assurance 
that an item will perform satisfactorily in 
service. 


Those actions which provide a means to 
control and measure the characteristics of 
an item to specified requirements. 


The process of restoring a non-conforming 
characteristic to a condition such that the 
capability of an item to function reliably 
and safely is unimpaired, even though that 
item may not conform to the original 
requirement. 


A disposition which may be imposed for a 
non-conformance when it can be estab- 
lished that the discrepancy will result in no 
adverse conditions and that the item 
under consideration will continue to meet 
all requirements including performance 
and safety. 
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LLOYD’S REGISTER OF SHIPPING 


Founded in 1760 and reconstituted in 1834, Lloyd’s 
Register is the oldest independent ship classification society. 
It employs, around the world, more than 1,800 specialized 
surveyors qualified in all main branches of engineering. 

It was originally founded to provide shipowners, under- 
writers and shipbrokers with an accurate classification of 
ships and their equipment. Although Lloyd’s Register of 
Shipping still publishes such information in its Register 
Book it also publishes its own Rules for the construction of 
ships. To meet these Rules requirements, and qualify for 
the *4100A1 classification, a ship’s plans must be approved 
and the ship and its machinery must be built under the 
supervision of LRS surveyors. The technical expertise 
available within the organization has led to a diversification 
into other areas such as the offshore business where the 
same type of inspection work js carried out. LRS acts as a 
Certifying Authority for the Department of Energy for 
offshore structures in the U.K. section of the North Sea. 

In another form of diversification Lloyd’s Register’s 
Industrial Services department inspects plant and equipment 
for power stations, oil refineries and chemical plants in 
accordance with construction codes such as ASME, API or 
BS, as agreed with the client. 

A modern research laboratory supports the various tech- 
nical headquarters departments. 


A recent joint venture with Lloyd’s of London Press Ltd. 
has resulted in a Shipping Information Services organiz- 
ation being established. This provides marine data through 
computerized information systems and also forms a part of 
the Maritime Data Network on-line computer information 
service. 


Plans 


It may be desirable in the first place to say a few words 
on the subject of pumping and piping plans in general. It 
has become the general practice for the plans to be sub- 
mitted in diagrammatic form, and this is now a Rule 
requirement so far as piping arrangements are concerned. 

The advantages of presenting pipe arrangements in dia- 
grammatic form are shared by all concerned. The builders 
have basic plans from which the scale plans can be built 
up, and being smaller, they are less expensive, bearing in 
mind that three copies have to be forwarded for approval, 
while the Surveyor has plans of reasonable size which he 
can use for reference on the ship when checking the 
arrangements. Many Firms adopt the method of having a 
separate diagram for each of the piping systems in the 
machinery space, which simplifies the work and reduces the 
possibility of error. The systems usually dealt with in this 
way are as follows: 


Bilge Lubricating Oil 
Ballast Compressed Air 
Fuel Oil Transfer Steam 

Fuel Oil Service Exhaust 


Cooling Water Feed 


Other Firms combine two or perhaps three, diagrams 
into one plan, but the first method is to be preferred. 

Another point which should be stressed is the importance 
of making it quite clear whether lines which cross each 
other represent pipes which are entirely separate or form a 
pipe junction. Four methods are in general use and these 
are indicated in Figure 1. 
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Method A is not recommended because it frequently 
happens that the little marks signifying the flanges are 
inadvertently omitted with the result that pipes, which are 
intended to be shown connected, appear to cross each other, 
throwing the scheme into confusion. Method B is better but 
apparently the break in a line which signifies a crossover is 
sometimes overlooked when the plan is traced, with the 
same result as mentioned above. Method C is considered 
the most reliable and at present probably the most used. 


Junction 
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Method D is that recommended in BS MA 1 Part 1 1969. 
“Graphical Symbols representing pipe lines in Ships” and 
this method would appear to be gaining favour in current 
practice. 

Whilst on the subject of pipe lines it must be emphasized 
how necessary it is that the sizes of the pipes are clearly 
marked. 

Symbols are most helpful in diagrammatic work but their 
usefulness can be greatly over estimated. Some firms have 
a table of standard symbols amounting to 100 or more 
items, and it is exceedingly difficult to keep their meaning 
in mind without constant reference to the table. It is 
advisable to keep the number of symbols within reasonable 
limits and they should be indicated in some convenient 
position on each plan. 

No attempt will be made to suggest a code of symbols 
as most Firms have their own ideas on the subject and 
these vary to a large extent. 


BILGE AND BALLAST SYSTEMS IN THE 
MACHINERY SPACE 


Typical Bilge System for Vessel with Machinery Amidships 
and Aft of Amidships. 


In this system the principal features are the main bilge 
line, to which the bilge suctions from the various compart- 
ments are connected, and two bilge pumps arranged to 
draw from this line and from direct bilge suctions in the 
machinery space. In addition, there is an emergency bilge 
suction from the machinery space led to the main circulat- 
ing pump or to the cooling water sea inlet line, commonly 
called the bilge injection. 

One branch and one direct bilge suction are fitted on 
each side of the machinery space. Both of the direct bilge 
suctions should be of a size not less than that of the main 
bilge line in the machinery space. In motorships the bilge 
injection should be the same size as the suction branch of 
the cooling water pump and in steamers it may be two 
thirds of this size. 


Some Owners of motorships are not keen on fitting a 
bilge injection to the salt water cooling pump, contending 
that there is a possibility of oil from the bilges being 
deposited on the internal cooling surfaces of the engine, 
and thereby impairing the transfer of heat to the cooling 
water. To meet this objection the Rules alow an alternative 
to the bilge injection in the form of an emergency bilge suc- 
tion led to the largest available power pump which is not 
fitted with a direct bilge suction and of the same size as the 
suction branch of the pump if it is a self-priming pump, the 
direct bilge suction on the same side of the ship as the 
emergency suction, may be omitted. 

A typical bilge system diagram for the machinery space 
of general cargo ships is indicated in Figure 2. Incidentally 
this diagram illustrates the alternative to the bilge injection 
as described in the previous paragraph. 


Bilge Suctions in the Machinery Space 


Branch and direct bilge suctions in the machinery space 
and tunnel should be led from easily accessible mud-boxes 
fitted at platform level with straight tail pipes to the bilges. 
The intention, of course, is that foreign matter in the bilge 
water will be trapped in the mud-boxes which are in a 
position to be quickly and easily cleaned. 


Bilge Pumps 

In all self-propelled vessels the Rules require at least two 
power operated bilge pumps to be provided in the machin- 
ery space. If there is a class notation restricting a vessel to 
harbour or river service, concessions are sometimes made 
and a hand pump may be accepted in lieu of one of the 
power pumps. The pumps may be used for ballast, fire or 
other general service duties of an intermittent nature, but 
should immediately be available for bilge duty if required. 
It is essential that the Rule bilge pumps should be of the 
self-priming type, or capable of being quickly and 
adequately primed by some independent means. 

With the advent of the increased use of electrical power 
for auxiliary services, the centrifugal type pump has come 
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to the fore. Generally these pumps are designed to be self- 
priming, but there are cases where ordinary type (non self- 
priming) centrifugal pumps are fitted in conjunction with a 
centralized priming system. 

An arrangement which is growing in popularity is the 
use of a bilge ejector supplied with high pressure water 
from an associated sea water pump in lieu of the indepen- 
dent powered bilge pumps. This arrangement has_ the 
advantages that the pump need not be self-priming and, as 
it is not contaminated by bilge water it can also be used 
for services requiring a supply of clean sea-water. The 
capacity of the ejector on bilge service is to be in ac- 
cordance with the Rules. 


Bilge Valves and Cocks 

Since the bilge suction from the various watertight com- 
partments in the ship, including the machinery space, are 
connected to the main bilge line it is essential that each 
suction should be controlled by a S.D.N.R. valve in order 
to prevent inter-communication between the compartments. 
Moreover, bilge pumps are usually required to draw from 
the sea or from ballast tanks and, in order to prevent water 
entering the main bilge line, or the machinery space via the 
direct bilge suction, the bilge valves in the pump suction 
chest should also be of S.D.N.R. type. 


Water Ballast System 

In some ships it is not uncommon for tanks to be 
arranged for alternate carriage of oil fuel or water ballast 
and it is considered that arrangements should be made for 
discharging any oil/water mixture overboard via an oily 
water separator. Indeed it is a requirement of some 
National Authorities that such provision be made. 

In this respect attention is drawn to Statutory Regulations 
as issued by National Authorities in connection with the 
International Convention for the Prevention of Pollution 
of the Sea by Oil 1954 and 1969 Amendments. A more 
recent convention dated 1973 awaits ratification at this time. 


Separation of Bilge and Ballast Systems 

An important requirement of the Rules for Pumping 
Arrangements, viz: that the bilge system should be entirely 
separate and distinct from other systems. 

Separate systems are necessary to enable the pumps to 
work simultaneously on both services and also to prevent 
the possible ingress of water from the sea or from ballast 
tanks into dry compartments. 


Overboard Discharge Valves 

It is a rule requirement that all overboard discharge 
pipes from pumps should be fitted with a valve at the ship’s 
side. The valves are to be of approved ductile material. 

The type of pump will determine, to some extent, the 
type of valve fitted, and the following are in general use: 


Butterfly valve 

Sluice (Gate) valve 

Screw Lift valve 

Straight Lift Non-return valve 
Automatic Non-return valve 


OIL FUEL SYSTEMS 


Oil Fuel Transfer System 

The use of oil fuel tanks which are also arranged to 
carry water ballast has already been mentioned. To enable 
transfers of oil to be made to the daily service or settling 
tanks at the same time as ballasting of tanks is in progress, 


© it is usual to connect the tanks to two independent systems. 
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This arrangement is a requirement of the Rules, unless the 
service or settling tanks have a capacity sufficient for at 
least 12 hours normal running without replenishment. 


Standby Oil Fuel Transfer Pump 


The Rules require that a standby transfer pump be pro- 
vided if a power-driven pump is necessary for pumping up 
the settling tanks. In oil burning steamers it is a simple 
matter to arrange one of the unit pressure pumps as a 
standby transfer pump, but in motorships there is often 
some doubt as to how the requirement can be met. 

If a motorship burns heavy oil in the main engines and 
diesel oil in the auxiliaries it is quite likely there will be a 
separate transfer pump for each system. The suction and 
discharge sides of these pumps can be cross-connected and 
isolating valves or spectacle flanges may be fitted if it is 
desired to keep the systems separate. In an emergency the 
blanks can be changed, enabling either pump to take over 
all transfer duties. 

Alternatively a hand pump may also be accepted for this 
duty provided it is of sufficient capacity. In this respect, 
however, it is considered that the total maximum power of 
the engine should not exceed, say, 2220 kW. 

In all cases oil fuel pumps, with the exception of the 
hand pump referred to above, are to be provided with 
relief valves in close circuit and are to be capable of being 
stopped from outside the compartment in which they are 
situated. 

In the case of Passenger Ships the arrangements are to 
be such that oil fuel can be transferred from any oil fuel 
storage tank or settling tank to any other oil fuel storage 
or settling tank. 


Outlet Valves Fitted on Oil Fuel Deep Tanks 


Outlet valves on oil fuel deep tanks should be of steel or 
other approved material and are to be capable of being 
closed locally and also from positions outside the compart- 
ment in which the tank is located. 

In all cases the valves are to be capable of local manual 
operation independent of the remote control mechanism. 
Consideration may be given to the omission of the remote 
control of outlet valves in the case of small tanks, the 
capacity of which however, should not exceed 450 litres. 


Oil Burning Units 


In the case of top fired boilers, means are to be provided 
in order that in the event of flame failure the oil fuel 
supply to the burners is shut off automatically, and audible 
and visible alarm given. In all cases, the arrangements are 
to be such that the oil fuel is shut off before a burner can 
be withdrawn. 

Provision is also to be made, by suitable non-return 
arrangements, to prevent oil from spill systems being re- 
turned to the burners, when the oil supply to the burners 
has been shut off. 


Steam Purging Systems 

Steam purging of oil fuel burners is not uncommon on the 
modern high pressure boiler, sometimes they may be hand 
operated or, alternatively, they may be an automatic 
system. The Rules require that the arrangements are such 
that oil fuel connot enter into the steam system in the event 
of a valve leaking. 


Heated Oil Under Pressure 


As indicated in the Rules, pipes conveying heated oil 
under pressure are to be located in readily visible and 
accessible positions. 

Further, with reference to diesel units, the Rules require 
that high pressure fuel injection pipes be adequately 


shielded and secured in the case of engines having a 
cylinder bore of 250 mm and over. 

In the case of unmanned engine rooms such pipes are to 
be shielded and secured irrespective of the cylinder bore 
size as indicated in the Rules. 


Sounding Arrangements for Daily Service and Settling 
Tanks 

The desirable capabilities of any apparatus employed for 
indicating the level of oil in these tanks may be summed up 
thus: 


A. Safety 
B. Reliability 
C. Simplicity 
From the great variety of devices in general use it is 
fairly evident that no particular type completely fulfils all 
these requirements. 
In general terms, the apparatus falls into one of the three 
following categories: 


1. Gauge Glasses 
2. Float Indicating Gear 
3. Contents Gauges 


The general attitude regarding level gauges on fuel tanks 
is that failure of a sounding or over filling of a tank must 
not permit release of fuel. 


Starting-up Units 

The Rules require a hand pump or other suitable device 
to be provided for starting up a unit from cold, and 
occasionally it is proposed to fit an electrically driven pump 
in place of a hand pump. This is in order provided the 
electric power is supplied by an emergency generator, or 
any other generator which can be started by hand, or by 
means of compressed air supplied from a hand compressor. 


Oil Fuel Overflow System 

When dealing with plans of oil fuel overflow arrange- 
ments the following essential requirements must be borne 
in mind: 

a. The overflow pipes must be of sufficient size to allow 
the oil to escape at the same rate as it is being pumped 
into the tank. To ensure this the Society’s Rules 
require the overflow pipes to have a cross-sectional 
area of not less than 1.25 times that of the filling pipes. 


b. The overflow pipes must not rise to a point to give a 
head higher than that for which the scantlings of the 
tanks are suitable. 

c. The overflow pipes must be led to a suitable overflow 
tank. 


d. The overflow pipes must not be fitted with valves or 
cocks which can prevent overflow taking place. 


Air pipes may serve as overflow pipes for oil fuel tanks 
provided they terminate in a safe position in the open 
above the bulkhead deck. 

The aim in such a system should be to obtain the 
simplest arrangement possible consistent with the adequate 
safeguarding of the tanks. With regard to sizes it may be 
stated that it has been the Society’s practice for many years 
to require that the size of the overflow main should be 
sufficient cross-sectional area at any part of its length to 
allow any two tanks to overflow simultaneously. Figure 3 
shows a typical overflow system. 

The individual overflow pipe from each tank should, of 
course, have a cross-sectional area 1.25 times that of the 
filling pipe and should rise to a point close to the bulkhead 
deck before joining the appropriate main. The mains 


should be situated well above the deep load water line and 
increase in size from each end in accordance with the 
principle as explained previously, to a point where down- 
comer pipes are led to the overflow tank. 
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The overflow tank should be fiilled last during the 
bunkering operation and it is desirable that an alarm 
device should be fitted in each tank at a level which will 
leave a reasonable amount of space for eventualities. As a 
final precaution against structural damage to an overflow 
tank, an air pipe should be led to deck in the normal 
manner. 


Prevention of Water Ballast Entering Overflow System 


When tanks, arranged for the alternative carriage of oil 
fuel and water ballast, are connnected to a common over- 
flow main it is necessary to provide arrangements for pre- 
venting water ballast overflowing into tanks containing oil 
fuel. 


Overflow Arrangement for Daily Service and Settling Tanks 


On account of the frequency with which it is necessary, 
to transfer oil fuel to the daily service or settling tanks, it 
is desirable that such tanks should have overflow pipes in 
addition to the air pipes and this is indicated in the Rules. 

In larger ships there may be several service and settling 
tanks, and these are provided with a separate overflow 
system which, is led to an overflow tank in the lower part 
of the machinery space. Alarm devices are fitted in the 
overflow pipes. Such an arrangement is shown in Figure 4. 

Incidentally, as oil fuel is often carried in double bottom 
tanks under the machinery space, these tanks can be used 
as overflow tanks. However, audible and visual alarm 
devices are to be fitted to give warning that the part of the 
tank reserved for overflow purposes is being encroached 
upon. 

In this respect it is considered that the space reserved 
for overflow purposes should be sufficient for say not less 
than 10 mins pumping at normal bunkering capacity. 


Feed System 

As indicated in the Rules two (2) separate means are to 
be provided for all main auxiliary boilers. 

Occasionally, however, plans are submitted on which the 
main and auxiliary systems are led to a single connection 
to the boiler steam drum or the economizer inlet. This 
arrangement has been accepted, provided the common stub 
piece be of extra heavy gauge and as short as practicable. 
It should be noted that the main and auxiliary feed lines 
are led sparately to the boiler stud piece. An arrangement 
whereby the feed systems are interconnected and led via a 
single feed line to the feed inlet is not acceptable. 


Cooling Water Systems Standby Arrangements 


In steamers of moderate power the ballast pump may be 
arranged as the standby cooling water pump. 
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Modern turbine ships of high power often have two main 
circulating pumps, one of which is sufficient for normal 
power with average sea water temperature. 

In addition, the arrangements may incorporate a ‘scoop’ 
for operating under normal running conditions thus en- 
abling the pumps to be shut down except when required 
for manceuvring purposes. 

An alternative proposal to the permanently installed 
standby cooling water pump and its ancilliary piping and 
valves, is to provide a standby pump carried on board as 
spare which can be easily and readily installed and this 
arrangement has been accepted for use in conjunction with 
multiple power units. 

In all cases provision is to be made against overpressure 
in the cooling water system. 


Sea Inlets 


The salt water circulating pumps are generally connected 
to a common suction line led to low sea inlet valves on 
opposite sides of the engine room. If the vessel is engaged 
in a trade which necessitates the navigation of shallow, 
muddy rivers it is usual for one or two high inlet valves to 
be fitted in addition to the low inlets. 

It should be noted that not less than two low sea inlets 
are required for cooling water purposes, and they should 
be independent of each other as required by the Rules. 
An arrangement in which the main and standby cooling 
water pumps can only draw from a single sea chest or 
reservoir is not acceptable. 


ICE NAVIGATION 
Cooling Water Returns to Sea Inlets 


If a ship has an ice class notation it is necessary for a 
connection to be led from the cooling water overboard 
discharge lines to the main and euxiliary cooling water sea 
inlets. In addition, where no steam is available for clearing 
purposes, the fire pumps are required to have a suction 
connection from the main cooling water inlet pipe. 

The Society has no specific requirements regarding the 
size of the cooling water return to the sea inlet, but it is 
generally accepted that this should not be less than two 
thirds of the main engine cooling water overboard discharge 
line. 

However, one exception to the above is when the 
additional “BALTIC” ice class notation is required. In such 
cases the cooling water return to the sea inlet must be the 
same size as the main engine cooling water discharge over- 
board line. 


SHIPSIDE CONNECTIONS 


The Rules require that all shipside sea inlet valves and 
sea inlet boxes are fitted with gratings. In this respect there 
is now a British Standard for such gratings, namely BS MA 
62 “Weed Grids for Sea Inlets’’. This indicates that the grat- 
ing bars should lie in a fore and aft direction evenly spaced 
with a gap between the bars of 25 mm. This is also 
indicated in BS MA 18 “Salt Water Piping Systems in 
Ships”. 

When steam or compressed air connections are fitted to 
sea inlet valves or stools for clearing purposes, it is desirable 
that the pressure in these lines should not be too high. A 
maximum pressure of 0.7 N/mm? (7 Kg/cm®) is usual and 
should be sufficient for the purpose. Within this pressure 
there will be no need for extra heavy ship’s side fittings. 


LUBRICATING OIL SYSTEMS 
Standby Pump 


As in the case of cooling water systems the question of 
a standby pump is an important consideration. 
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The standby pump is to be permanently connected and 
ready for immediate use. An exception to this requirement 
may be given in the case of multiple engine units when a 
complete spare pump unit carried on board may be ac- 
cepted provided the arrangements are such that the spare 
pump can easily and readily be installed. 

The requirements regarding a standby pump are also 
applicable to engines which are fitted with reverse reduction 
gears and oil-operated couplings. Some manufacturers 
provide an independent standby pump which can serve 
either the engine or the reduction gear, as may be required. 

Independently operated lubricating oil pumps are to be 
capable of being stopped from outside the compartment in 
which they are situated. Further, outlet valves on lubricat- 
ing oil deep tanks, which are normally open in service are 
to be controlled in a similar manner as required for oil 
fuel tanks, and pumps of rotary type are to be fitted with 
non-return valves on the discharge side. 


Emergency Lubrication Oil Supply in Turbine Ships 


Turbine ships are required by the Rules to have an 
emergency supply of lubricating oil for use in the event of 
a stoppage of the working pump(s). This is generally 
effected by arranging an automatic gravity supply which 
comes into operation when the pressure in the lubricating 
oil system falls below that due to the head of the gravity 
tank. The capacity of the gravity tanks should be sufficient 
for not less than 6 mins normal cperation as required by 
the Rules. 

In some turbine installations it is not uncommon for a 
lubricating oil pump driven from the main gear box to be 
fitted in conjunction with the main lubricating oil system 
which would augment the gravity supply in the event of 
failure of the main lubricating oil pumps. 

Figure 5 shows a typical lubricating oil system for a 
turbine unit incorporating a pump driven from the main 
gearing as indicated above. With this arrangement the 
combined gravity tank and gear unit would possibly supply 
sufficient oil bearing protection until the turbines come to 
rest, which during normal run out after a black-out may 
correspond to about 20-30 mins. With such an arrangement 
it is possible that a complete run down may be ac- 
complished without, or at least limited, damage to the 
bearings. 


Crankcase Vent Pipes 

It is sometimes proposed to fit a vent pipe to the engine 
crankcase. If however, an explosion took place in the 
crankcase there could be a rapid re-entry of fresh air via 
this pipe, possibly producing a severe secondary explosion, 
and for this reason it is considered that it should: 


A. have a cross-sectional area which is small in relation 
to the area of the explosion relief valves, preferably 
the pipe should not exceed 50 mm bore, or; 

B. have a non-return or other suitable device fitted in the 
line which will effectively restrict the flow of air back 
to the crankcase. 


COMPRESSED AIR SYSTEMS 


Number and Capacity of Air Compressors 

The Rules require two air compressors to be provided 
for starting and manceuvring purposes, having a total 
capacity sufficient for the requirements of the engines. This 
capacity should permit the charging of air receivers in a 
reasonable time and is usually determined by experience. 

It is desirable that the air compressors should be indepen- 
dently driven, but this is not insisted upon and one of the 
compressors may be driven by the main engine. 
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Number of Air Receivers 


In practice it is usual to fit not less than two receivers, 
but there are cases in which only one receiver is provided. 
In the case of Passenger Ships however, not less than two 
air receivers are to be provided. 


Safety Devices 

Particular attention is drawn to the following require- 
ments, indicated in the Rules. 

Starting air from compressors is to be led direct to the 
starting air receivers. The starting air from the receivers to 
the main and auxiliary engines is to be entirely separate 
from the compressor discharge piping. 

An isolating valve of non-return type is to be fitted at 
the starting connection to each engine. Note: this require- 
ment is not applicable in the event of the main and/or 
auxiliary engines being started by an air motor. 

Oil and water separators are to be fitted in the discharge 
line between the air compressor discharge and the air 
receiver(s). 

Figure 6 shows a general arrangement of a “Compressed 
Air System” incorporating these requirements. 


PIPING SYSTEMS FOR OIL TANKERS 


Cargo Tank Pumping Arrangements 

Plans of the cargo pumping arrangements for oil tankers, 
do not, on the whole, call for much comment. In detail 
there is a fair amount of uniformity, but in the lay-out of 
the cargo oil lines in the tanks there is considerable vari- 
ation, depending upon the Owners’ practice and the par- 
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ticular trade for which the vessel is required, i.e. whether 
she is to carry homogeneous or composite cargoes. 

It is fairly common to regard hydraulic testing of pipe 
lines as a safe procedure but in very large tankers there is 
a hidden danger. Pipes connecting the lines in the tanks to 
the lines on deck can act as accumulators so that pressure 
in the line is not immediately dissipated by a small leak. 
In view of this hidden danger it is suggested that as far as 
possible these risers should be isolated when testing the 
tanksAPING SYSTEMS: 

In the larger vessels which form the greater part of pre- 
sent day tanker construction, it is usual to provide only one 
cargo pump room situated between the aftermost cargo 
tanks, and the machinery space, and in order to speed up 
the rate of discharge high capacity centrifugal pumps are 
fitted in place of reciprocating pumps. These pumps are 
driven by turbines or electric motors situated in the 
machinery space, the driving shafts passing through the 
bulkhead separating the compartments. 

The scantlings of many of these large tankers are 
approved on the basis that certain tanks will be empty in 
the loaded condition. These tanks may be either dry tanks, 
or water ballast tanks maintained empty in the loaded con- 
dition and filled in the ballast condition. 

Water ballast tanks should be connected to a separate 
pumping system led to a ballast pump in the cargo pump 
room. A common arrangement in these ships is to have 
four identical pumps, three of which are permanently con- 
nected to the cargo oil system and one to the ballast system. 
There are, nevertheless, cross-connections between the two 
systems, although they are normally isolated by means of 
a SDNR valve and a portable spool connection, so that in 
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an emergency one of the cargo pumps can serve as the 
ballast pump. 

The Rules require that where clean ballast lines are led 
through cargo oil tanks they are to be of steel which is of 
substantial thickness, not less than 16 mm having welded 
or heavy flanged joints. The flanged joints to be kept to a 
minimum. Expansion glands are not to be fitted in these 
pipes within the cargo tanks. 


Cargo Tank Venting Arrangements 


The Rules require that cargo tank venting arrangements 
are to provide: 


a. Pressure/vacuum release of small volumes of vapour/ 
air mixtures during normal voyage, and 


b. Venting of large volumes of vapour/air mixtures dur- 
ing cargo handling and gas freeing operations. 


These systems may be separate or combined. 


Where the vent pipes from different tanks are led to a 
common main, provision is to be made for isolating each 
tank from the common main. Means are also to be pro- 
vided to prevent any tank from being subjected to excessive 
pressure or vacuum during cargo handling or ballast opera- 
tions. 

Pressure/vacuum valves where fitted are normally set at 
a positive pressure of not more than 0.2 Kgf/cm? above 
atmospheric and not more than 0.07 Kgf/cm? below 
atmospheric. 


Location of Cargo Tank Vents 


Pressure/vacuum valves outlets are to be located not less 
than 1.8 m above the deck. 

The Rules require that the height of open vents which 
permit a free flow of vapour/air mixture to be not less than 
4 m above the weather deck, or fore and aft gangway if 
fitted within 4 m of the gangway. The vent pipes are to be 
located not less than 10 m from the nearest air intake or 
openings to accommodation or enclosed working areas or 
possible sources of ignition. See Figure 7. Vent pipes 
incorporating high velocity heads which are arranged to 
discharge the vapour/air mixture at a velocity of not less 
than 30 m/second may be accepted in lieu of the open vent 
pipes. 

The height of the outlets from such high velocity heads 
is to be not less than 1.8 m above the deck in accordance 
with the Rules. These may or may not incorporate the 
pressure / vacuum required above. Figure 8 shows a typical 
high velocity vent head incorporating the pressure / vacuum 
valve. 


Temperature of Pipes in Pump Rooms or other Hazardous 
Areas 


The temperature of steam or other fluid in pipes passing 
through spaces likely to contain hydro-carbon or other 
explosive vapours is not to exceed 220°C. 
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Cargo Tank Sounding Arrangements 


The Rules require sounding pipes or other approved 
devices to be provided for ascertaining the liquid level in 
the tanks. 

Sounding devices which may permit a limited amount of 
vapour to escape could be accepted. Ullage openings could 
be accepted as a reserve means, however any device which 
permits the escape of vapour is not to be located in enclosed 
spaces. 


Thermal Oil Heating Systems 


Normal arrangements for cargo oil heating purposes 
utilize low pressure steam from the main/auxiliary boilers 
for heating purposes and are too well known to require 
further elaboration. An alternative to steam heating is the 
thermal oil heating system. With this system the normal 
heating coils are fitted in the tanks, but the coils are 
circulated with hot oil at low pressure instead of steam. 
The circulating oil has a high flash point and is heated in 
a coil boiler fired in the normal way by oil fuel. 

Advantages of the system are that higher temperatures 
can be obtained than with saturated steam at normal press- 
ures, and since the circulating pressure of the oil is low 
thin walled tubes may be employed. 

It will be appreciated that with this system of heating 
special precautions must be taken with regard to safeguard- 
ing the oil circulating system. 

In view of the dangerous situation which may arise in 
the event of contamination of the thermal oil with low 
flash cargo oil, it is considered that a notice board should 
be displayed in a prominent position in the engine room 
and on deck, stating that the thermal oil system should 
remain under pressure, except when the ship is either 
carrying cargo having a flash point above 60°C or the 
cargo tanks are empty and gas free, and will be pressurized 
before low flash oil is loaded. A suggested arrangement 


is shown in Figure 9. In general the temperature of the 
heating medium should not exceed 220°C. 


PREVENTION OF POLLUTION OF THE SEA 
BY OIL 


The International Conference on Marine Pollution 1973, 
held under the auspices of the Inter-Governmental Maritime 
Consultative Organization (I.M.C.O.) is at the present 
time awaiting ratification. This Conference outlined, 
amongst others, the various requirements relating to posi- 
tive measures to be taken in order to reduce the risk of 
pollution of the sea by oil. 

Recent accidents involving crude oil tankers have resulted 
in a further Conference being convened by I.M.C.O. which 
has resulted in the adoption of further measures being 
discussed. 

Among the further measures adopted were a number 
which will affect both new and existing tankers. These may 
be briefly explained as follows: 


1. New crude oil tankers of 20,000 DWT and above will 
be required to be fitted with: 
(a) Segregated ballast tanks (S.B.T.) (Protected Loca- 
tion) 
(b) Inert gas systems and 
(c) Use crude oil washing (C.O.W.) 
2. New Product Tankers of 30,000 DWT and above will 
require: 
(a) Segregated Ballast Tanks (S.B.T.) and 
(b) Inert Gas Systems (20,000 DWT) 


High level alarm 


Expansion/header tank 


Low level alarm 


3. Existing crude oil tankers of 40,000 DWT and above 
will be required to have either: 


(a) Segregated ballast tanks (S.B.T.) 
(b) Clean ballast tanks (C.B.) or 
(c) Crude Oil washing (C.O.W.) 


It should however, be pointed out that the relaxations 
(in 3 above) will lapse after two (2) years for tankers above 
70,000 DWT and four (4) years for smaller ships. Inert gas 
systems will, however, become mandatory for ships of 
70,000 DWT and above two (2) years after Ratification of 
the Convention, and four (4) years for tankers of 20,000 
DWT and over. 

Similar requirements are also proposed for existing 
Product Tankers. 

For clarity, the above are shown diagrammatically in 
Figure 10. 

It is a requirement that ships using the C.O.W. system 
are to be fitted with an Inert Gas System. 


Definitions 


Segregated Ballast Tanks (S.B.T.) means a ballast tank 
which is completely separated from the cargo oil and oil 
systems and which is permanently allocated to the carriage 
of ballast or cargoes other than oil or noxious substances 
as variously defined. 

Where segregated ballast lines pass in way of cargo oil 
tanks they are to be of steel and substantial thickness, not 
less than 16 mm, having welded or heavy flanged joints. 
The flanged joints are to be kept to a minimum. Expansion 
bends not glands are to be fitted in these pipes in way of 
cargo tanks. 
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Dedicated Clean Ballast (C.B.) means the ballast in a tank 
which since oil was last carried therein, has been cleaned 
for the purpose of carrying dedicated clean ballast only. 
Dedicated clean ballast tanks shall be so selected as to 
provide adequate capacity to enable the tanker to comply 
with the relative draft and trim requirements. 

The arrangements are to be such as to require the 
minimum use of the cargo pumping and piping system. 
The tanks once cleaned are to be retained for the carriage 
of clean ballast only. Slop tanks are to be provided, 
alternately, a tank of sufficient capacity shall be designated 
as a slop tank. 

Double valve separation of the ballast and cargo tanks 
should be provided during the voyage and cargo and 
ballasting operations. 


Crude Oil Washing (C.O.W.) is a system whereby the cargo 
tanks during discharge, are washed by the cargo itself, 
resorting only to a water rinse. ‘The then empty and cleaned 
tanks can be used for clean ballast. 

The system is to consist of permanent steel piping of} 
other approved metallic constructions. The system is to be 
independent of any other system except that sections of the 
ships cargo system may be incorporated into the crude oil 
washing system. 

The tank washing machines are to be permanently 
mounted and of approved design. The machines shall be 
capable of washing by direct impingement or effectively 
by deflection or splashing of the impinging jet all horizontal 
and vertical areas within the tank. 

A piping system for stripping crude oil from the bottom 
of every cargo oil tank is to be provided. 

Before departure on a ballast voyage after discharge of 
the cargo, sufficient tanks shall have been crude oil washed 
to ensure that: 


(a) sufficient tanks have been crude oil washed to permit 
compliance with draft and trim requirements and 


(b) having regard to anticipated weather conditions 
additional ballast is not put into tanks that have not 
been crude oil washed. 


It may be well to add, it is understood that detailed 
specifications for the design, operations and control of 
C.O.W have been prepared by I.M.C.O. 

In addition attention is drawn to any statutory instru- 
ments in relation to the pollution of the sea by oil which 
also require to be complied with. For example. 

Regulations made under the Oil in Navigable Waters 
Act, 1955, are contained in the following United Kingdom 
Statutory Instruments: 


1956 S.I. No. 1423 (Ships Equipment No. 1) 

1957 S.I. No. 358 (Transfer Records) 

1957 S.I. No. 1424 (Ships Equipment) 

1958 S.I. No. 1526 (Enforcement of Convention) 

1958 S.I. No. 1527 (Convention Countries (various)) 

1967 S.I. No. 609 (Prohibited Sea Areas, Protection 
of United Kingdom Coasts) 

1967 S.I. No. 709 (Prohibited Sea Areas, Australian 
zones) 

1967 S.I. No. 710 (Heavy Diesel Oil) 

1967 S.I. No. 711 (Exceptions and Exemptions) 

1967 SI. No. 712 (Records) 


Builders and manufacturers will be chiefly interested in 
the regulations dealing with ship’s equipment, and the 
official explanatory notes indicating the general purpose of 
S.I. 1956 No. 1423 and 1957 No. 1424 are as follows: 


1956 No. 1423—Explanatory Note: “These regulations 
require certain British ships registered in the United King- 
dom to be so fitted as to prevent oil fuel from leaking or 
draining from machinery spaces into bilges”. 

(N.B.—For the guidance of shipowners, ship masters, 
shipbuilders and ship repairers, the Ministry of Transport 
and Civil Aviation Notice No. M407 gives further infor- 
mation concerning the arrangements which would be re- 
garded as complying with the Regulations.) 


1957 No. 1424—Explanatory Note: “These regulations 
require all British ships registered in the United Kingdom, 
not being tankers, which have a gross tonnage of 80 tons 
or more, and which use their bunker fuel tanks for ballast 
water, to be fitted with an oily-water separator. The regu- 
lations also specify the requirements with which the 
separators must comply”. 

(N.B.—It is understood that tankers have been omitted 
on the basis that in British practice they do not normally 
carry water ballast in their oil fuel tanks.) 


In addition to the foregoing there is also published the 
“Manual on the Avoidance of Pollution of the Sea by Oil”. 
This is a valuable handbook on the general question of oil 
pollution and provides a variety of information in two 
parts, viz: 


Part I —Prevention of spillage, leakages and accidental 
discharges. 


Part II—Disposal of oil-contaminated water and oil 


residues. 


Copies of all the above publications can be obtained 
from Her Majesty’s Stationery Office. 


METHANE (FUEL GAS) BURNING 


After the advent of the liquefied natural gas carriers the 
most logical step was to consider some way of making use 
of the ‘boil off’ gas in ships boilers. 

The ‘boil off’ corresponds roughly to 40 tons per 10,000 
tons of cargo per day. 

It will however, be appreciated that in order to utilize 
this gas as fuel for ships boilers, it will be necessary for 
the gas to be heated and pressurized. 

Gas heaters and compressors are to be located on the 
open deck suitably protected against mechanical and 
environmental damage. Alternatively they may be located 
in a well ventilated compartment above main deck level 
external to the machinery spaces. This compartment, how- 
ever, would be considered a dangerous space and accord- 
ingly would be required to have mechanical ventilation of 
extraction type having not less than 30 air changes per 
hour, the capacity of air change to be based on total 
volume of the compartment. 

A typical methane burning arrangement is shown in 
Figure 11 from which it will be seen the ‘boil off’ gas is 
drawn from the gas header and is compressed, from the 
compressors it is discharged to the gas heaters from whence 
it is led to the fuel gas main. 

The fuel gas main in way of the machinery space is to 
be located within a mechanically ventilated pipe or duct. 
The ventilation being of the extraction type in order to 
maintain the pressure within the enclosure at less than the 
surrounding atmosphere. The gas pipings to be of seam- 
less constructon having, as far as practicable, all welded 
joints. A master shut off valve is to be located outside the 
machinery space. In addition this valve should be capable 
of being operated from within the machinery space. 
Further the valve should be arranged to fail shut on 
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loss of the pipe/duct ventilation or on gas detection 
within the enclosure. 

An alternative to the extraction ventilation arrangements 
described above would be to pressurize the pipe duct with 
inert gas to a pressure in excess of the fuel gas pressure. 

A ventilation hood or casing is to be provided in way of 
the boiler front area where valves and flanges for the gas 
fuel system cannot be contained in the double wall piping 
or ducting. 

Continuous gas detection is to be provided in way of 
the hood and gas pipe ducting and so arranged to provide 
visual and audible alarm at 30% lower explosive level 
(LEL) and shut down of the fuel gas supply at 60% LEL. 

Each gas consuming unit is to be provided with a “block 
and bleed” arrangement consisting of three automatic 
valves two of these isolating valves are to be located in 
series in the fuel gas line, the third being the vent valve is 
to be located between the two isolating valves. 

Failure of the gas supply, loss off flame, forced draft 
fan failure or remote control power source will cause the 
two isolating valves to close and the vent valve open auto- 
matically. 

Audible/visible alarms are to be provided to indicate low 
pressure in the oil fuel system in addition to the above 
conditions. 

Provision is to be made for inerting and gas freeing the 
gas piping within the machinery space. In this respect the 
bleed vent valve could be utilized as the inert gas purging 


€ inlet provided alternative arrangements are made for vent- 
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ing to atmosphere. This arrangement is incorporated in 
Figure 11. 

In all cases the boilers are to be started up using fuel oil 
only. Each boiler is to be provided with an independent 
uptake or funnel. 

The firing equipment is to consist of dual fuel (gas and 
oil) burning equipment, the arrangements are to be such 
that fuel gas cannot be admitted to the burners until the oil 
fuel and combustion air are present, thus obtaining ignition 
from the fuel oil flame which must be present at all times. 

A shut-off cock and a flame arrestor is to be provided at 
each burner unit. The flame arrestor may however, be 
incorporated in the burner unit. 

Further locally manually operated shut off valves are to 
be provided in the fuel gas supply to each boiler manifold. 

Should ignition be lost from both oil and gas burners the 
combustion spaces are to be thoroughly purged of all com- 
bustible gases before relighting the oil burners. 

One of the problems on an L.N.G. ship is the disposal 
of ‘boil off’ whilst in port. Since some National Authorities 
may well object to the venting of the ‘boil off’ to atmos- 
phere alternate means of disposal are to be provided. This, 
if the port loading arrangements are suitable can be dealt 
with by connecting the vent line to a shore return line. 
Another alternative is to provide an auxiliary boiler 
suitably arranged for burning fuel gas. 

The steam raised in this boiler being led to a ‘dump’ 
condenser thus the ‘boil off’ gas can be dealt with. It may be 
well to add that the purpose of this boiler is for the 


disposal of the ‘boil off’ when no other means are available, 
and as such there are no steam connections from this boiler 
to the ships system. 

Alternatively, the ‘boil off’ could be dealt with by pro- 
vision of a gas incinerator. The incinerator unit would 
require to be located in a non-hazardous area. Burning 
arrangements would be required to comply with the require- 
ments indicated above. Cooling arrangements would be 
essential in order to ensure the products of combustion 
leaving the incinerator are cooled well below the tempera- 
ture corresponding to ignition point of methane. 

It may be pertinent to add that, to date, the above refers 
to the use of Methane (L.N.G.) gas only, it being under- 
stood proposals to utilize the ‘boil off’ from liquefied 
petroleum gas (L.P.G.) have not been accepted by this 
Society. 


CRUDE OIL BURNING 


The Society has occasionally been requested to approve 
arrangements for crude oil burning. Whilst these requests 
have been the exception rather than the rule, it is felt that 
more interest may now be taken in the possibility of using 
crude oil in conjunction with main steam raising plants. 
This being in particular, directed in way of the offshore 
services utilizing ship type crude oil storage units in con- 
junction with production facilities. 

It may be interesting to note that whilst Classification 
Societys have specific Rules and Regulations in regard to 
the use of Liquefied Natural Gas (Methane), ‘boil off as 
fuel, this does not appear to be the case for Crude Oil 
Burning. However, the International Association of Classi- 
fication Society’s (I[ACs) Regulation 100 gives some guid- 
ance in the form of Rules Covering Use of Crude Oil or 
Slops as Fuel for Tanker Boilers. 

In the circumstances it may be well to indicate the 
requirements to be complied with when considering such 
arrangements. 

It will be appreciated that crude oil is a low flash point 
fuel and would not normally be accepted for use in fuel 
burning systems in the machinery spaces in ships. Ac- 
cordingly consideration is given on the basis of the Rules 
for methane burning as indicated in the Rules for Carriage 
of Liquefied Gas in Bulk. Chapter 16. 

As with methane burning arrangements all piping, con- 
veying the low flash fuel (crude oil), must be of seamless 
construction, with all welded joints and led through a 
double wall piping or duct. Also the burner units and 
associated valves are to be located in a gas tight duct or 
double casing at the boiler front, a ventilation hood should 
be provided in way of valves flanges etc., which cannot for 
practical reasons be accommodated within the double wall 
piping or ducting. 

The crude oil enclosure and hood to be provided with 
mechanical ventilation of the extraction type and moni- 
tored for gas leakage. 

Audible and visual alarms to be provided in the ma- 
chinery room and pump room. 

Crude oil differs from methane in many important 
aspects, in particular that its vapour could be heavier than 
air. Consequently any leakage may tend to settle in the 
lower parts of the spaces involved therefore, efficient 
mechanical ventilation of extraction type would be 
necessary to ensure adequate ventilation of the spaces. 

A percentage of open mesh floor plates would be required 
in the machinery spaces, and extraction ducts should be 
located in way of the bilges, port and starboard to ensure 
adequate ventilation and the fan discharges led to a safe 
position on the open deck. 

The crude oil pumps, heaters, filters and ancillary units 
are to be located in well ventilated compartments external 


to the machinery spaces, but should be accessible in all 
weather conditions from the weather deck. 

Essential valves are to be capable of being operated from 
the machinery spaces in addition to local operation within 
the pump room. 

Ventilation of the pump room to be in accordance with 
normal tanker ventilation and the pump room fans to be 
interlocked with the crude oil unit pressure pumps so that 
the fans must be running in order to operate the pumps. 
The exhaust fan motors to be located external to the 
ventilation ducting. 

The crude oil pumps are to be capable of being con- 
trolled from the machinery space in addition to the pump 
room. Isolating shut-off valves fitted in the crude oil supply 
pipe in the pump room and at the boiler front are to be 
capable of local manual control in addition to any remote/ 
automatic controls. An audible and visual alarm is to be 
provided to indicate low fuel pressure and means provided 
to ensure automatic shut-off of the burner fuel supply in 
the event of flame failure. 

Provision is to be made for purging the combustion 
chamber prior to lighting the burners, also for purging the 
crude oil fuel supply pipes before opening up for inspec- 
tion/repair purposes. 

Arrangements are to be made to enable the crude oil 
lines to be drained to a suitable drain tank in the pump 
room. A drain pipe from the lowest part of the pipe duct- 
ing to the drain tank should be fitted with a self closing 
drain valve. 

Separate tanks are to be provided for heavy fuel oil and 
the supply lines from the heavy fuel oil and crude oil 
systems to be led to an “L” ported cock so that the systems 
may be readily connected to one fuel or the other. Alterna- 
tively, the heavy fuel and crude oil supply lines may be led 
to an “L” ported switch cock located within the double 
casing at the boiler front. The “L” ported cocks are to be 
capable of manual control external to the casing. 

All remote control valves are to be capable of local 
manual operation, control valves within the double casing 
are to be fitted with extended spindles with gas tight glands. 

Relief valves provided in the crude oil fuel lines are to 
discharge in close circuit to the suction side of the pumps. 

Figure No. 12 shows a suggested crude oil burning 
system. 


OFFSHORE SERVICES 


Ocean Engineering, a new dimension in the operations 
of Lloyd’s Register? A new Department? There are records 
of drilling platforms, barges etc. being dealt with in 1950, 
these were in the main “jack up/barge types”. At this time 
there were no official Rules for Offshore Units and each 
case was dealt with on its merits as an individual case. Semi- 
submersibles were also being dealt with, meanwhile Rules 
were being formulated and in 1966, Provisional Rules were 
available for dealing with Drilling Rigs for Classification 
with this Society. 

The advent of oil exploration in the North Sea drew 
attention to the necessity of the Society publishing Rules 
for Drilling Rigs and in 1972 the Rules for Mobile Offshore 
Units were published. These cover various types of drilling 
rigs which in the main are covered in four categories. 


Drill Ships 
Semi Submersibles SEE Fic. 13. 
Jack up type 


Fixed Platforms 
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PIPING ARRANGEMENTS 

Where the machinery and piping systems of offshore 
units are essential to the safety of the unit then they should 
comply with the Rules for Steel Ships. That is, all machin- 
ery, other than specialized drilling or production machinery, 
which will only be considered in so far as it affects the 
safety of the drilling rig/ platforms, and in this respect con- 
formity with a National and/or recognized Standard may 
normally be sufficient. It is, however, essential that the 
systems are installed and tested to the Surveyors 
satisfaction. 


FIXED DRILL/PRODUCTION PLATFORMS 


These platforms should be considered as Marine Units 
and as in the case of Mobile Offshore Units only those 
items of machinery essential to the safety of the platforms 
are required to be constructed under survey. 


When dealing with plans, consideration is given to the 
following : 


1. a. The location of various items of machinery in 
relation to hazardous areas referred to as 0, 1 and 
2 areas. 


Division 0 area An area in which a dangerous 
atmosphere could continually be 
present. 


Division 1 area An area in which a dangerous 
atmosphere is likely to occur 
under normal operating (Crude 
Oil-Mud Pump Room), (Drill 
Area) etc. 

An area in which a dangerous 
atmosphere is only likely to 
occur under abnormal operating 
conditions (say due to pipe 
failure). 

Boilers or other fired appliances are to be located 
in safe spaces and special attention must be given to 
their location with regard to the above classified 
areas. Access to the machinery spaces must be from 
deck. 


The ventilation arrangements for safe and 
hazardous compartments are to be entirely separate 
and the inlets and exhausts are to be suitably located 
to reduce the danger of cross contamination. 


Oil engine exhausts must be fitted with efficient spark 

arrestors, but this does not include Gas Turbines. 
However, it is considered essential that some means 

of preventing the emission of sparks from any exhaust 


Division 2 area 
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should be provided. Air inlets and exhausts are to be 
located in safe spaces. 

3. Separation of safe/dangerous spaces. Access to safe 
spaces should be from the open deck and there should 
be no direct inter-communication between the safe and 
dangerous spaces (accommodation and mud rooms 
etc.) 

4. It is advisable that visible and audible alarms are 
provided to indicate the presence of low flash point 
vapours at the air inlets to the diesel and gas turbine 
units. 

Provision should also be made to prevent the oil 
engines from over speeding in the event of accidental 
ingestion of low flash point vapour. Whilst this can be 
dealt with for diesel units it is not always practicable 
in the case of gas turbines and therefore it is not 
insisted upon. It is essential that the air intake for these 
units is led from a safe space and preferably overhung 
from the platform. Gas detectors/alarms should be 
provided on the external Jength of the air trunking to 
indicate the presence of gas in order that suitable pre- 
cautions such as the shut down of the unit, can be 
taken. 


GAS AND OIL PRODUCTION SYSTEMS 
Plans are examined and commented upon as considered 
necessary. Particular attention being paid to the 
following: 


a. Materials are to be suitable for the service intended 
and terminal valves in the gas and/or oil production 
systems should be of an approved type. 


b. Lubricating oil and fuel oil systems should be in 
accordance with the Rules for Steel Ships. In this 
respect the Rules require that all oil pumps and cargo 
oil pumps are to be capable of being stopped from 
outside the area in which they are located, in addition 
to any local manual control. Further, all such pumps 
are to be fitted with relief valves in close circuit. In 
the case of offshore units, this also includes such pumps 
as used in conjunction with the drilling and production 
systems. 

Occasionally a dispensation is required with regard 
to the fitting of the relief valve as required by the 
Rules and this has been agreed subject to: 


1. The piping system is suitable for the maximum 
discharge pressure of the pump and: 


2. A thermal alarm (visible and audible) and cut-out or 
equivalent is provided at the pump. 


It is considered that the thermal alarm/cut-out device 
should be located at the pump casing and not in the suction 
or discharge branch on the pump. 


c. Pressure vessels i.e. gas separators, dryers etc. should 
be provided with a safety device. The arrangements are 
to be such that the relief valves/devices cannot be 
isolated from the pressure vessels or piping systems. 

d. If blocking valves are to be fitted between the safety 
valve and pressure vessels, not less than two such 
safety valves, should be provided. The blocking valves 
are to be suitably interlocked in order that both valves 
cannot be isolated simultaneously. 

e. Where fuel gas fired arrangements are provided then 
these are to comply in so far as they are applicable 
with the requirements for Methane Burning (see Rules 
for Carriage of Liquefied Natural Gas, Section 15). 

Offshore units also include, single point mooring buoys, 
flare stacks, storage spars, all of which require individual 
attention. In the case of submerged piping, consideration 
must be given to structural strength and to collapsing 
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pressure, since such units can operate in depths of up to 
152 m. 


LOCATION OF OIL/GAS FIRED UNITS 
DIESEL AND TURBINE UNITS 

Diesel and turbine units should be located in safe areas 
and venting systems inlets are to be led from safe areas and 
outlets located in safe areas. 

With prime mover units incorporating dual fuel systems 
the ‘low flash’ point hydro-carbon fuel piping in way of the 
safe areas should be led through gas tight ducting /coffer- 
dams and provision is to be made for indicating any leak- 
age within the trunking. Gas turbine units are normally 
enclosed in acoustic hoods and as the double casing of the 
piping within the hood/enclosure is impracticable, due to 
the copious volume of air venting required to maintain the 
internal temperatures of the hood at an acceptable level, it 
is not insisted upon as it is considered that in the event 
of failure of a pipe within the hood, any fuel gas released 
would be dissipated before an explosive condition could be 
reached by the cooling air drawn in and exhausted to a 
safe area. Gas, temperature and fire detector alarms are 
also to be provided within the hood and the usual practice is 
that operation of any one device would initiate an auto- 
matic total flooding of the hood with inert gas and com- 
mence an automatic shutdown sequence for the turbine 


MATERIALS AND DESIGN 

The Society’s requirements regarding the materials and 
design of piping for the various systems in relation to 
pressure and temperature conditions are amply indicated 
in Parts 2-6 of the Rules for Steel Ships. 

Part 2 Chapter 6 sections 1-6 indicate the requirements 
for Steel pipes and tubes including mechanical properties 
and the chemical composition of the materials acceptable. 

This includes materials for use in low temperature service 
also, austenitic stainless steel pressure pipes. 

A list of approved manufacturers of steel pipes and tubes 
as given in Appendix 4 (Part 2) pages 1-6. 

Part 5 Chapter 12 sections 1—7 indicate the design para- 
meters for piping systems in both ferrous and non-ferrous 
materials. Also test requirements. 

Further information is given in Section 8 Appendix in 
the way of guidance notes on metal pipes for water services. 

Part 5 Chapter 13 indicates the requirements for ship pip- 
ing systems. 

Part 5 Chapter 14 indicates the requirements for ma- 
chinery piping system. 

Materials in accordance with recognized National/Inter- 
national Standards (e.g. B.S. ANSI. DIN. etc.) could be- 
accepted subject to the standards being equivalent to the 
Society’s requirements. 


REFERENCES 
Lloyd’s Register of Shipping Rules and Regulations for 
the Classification of ships 
1978. 
~ ea Rules for the construction 
and Classification of 
mobile offshore units 1972. 
Ships for liquefied gases 
1975. 
International conference of Marine Pollution 1973. 
Statutory Instrument No. 289 1974 
Offshore Installations. 


ACKNOWLEDGEMENTS 
Stal-Laval (G.B.) Ltd. 
Wilson Walton 
International Ltd. 


Fig. 5 
Fig. 8 


PRINTED BY LLOYD’s REGISTER OF SHIPPING, 
AT GARRETT House, MANOR ROYAL, 
CRAWLEY, WEST Sussex, RH10 2QN, ENGLAND 


